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Appendix A

Physical and Chemical Propertiesfor
Constituents of Concern
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Table A-1 Health Benchmarks for Metals of Concern in FFC Waste

RfD Oral CSF | Oral CSF RfC ric | 'nhalation pinhalation |\ o ion cor | IMhalation
Name CAS (mg/kg/day) Rfd Source (mg/kg/day)-1| Source (mg/m3) | Source URF URF (mg/kg/day)-1 CSF
(ug/m3)-1 | Source Source
Aluminum 7429-90-5 NA NA NA NA NA NA NA NA NA NA
Lead 7439-92-1 NA NA NA NA NA NA NA NA NA NA
Nickel 7440-02-0 0.02 IRIS NA NA NA NA 0.00024 IRIS 0.84 HEAST
Silver 7440-22-4 0.005 IRIS NA NA NA NA NA NA NA NA
Thallium (1) 7440-28-0 0.00008 IRIS NA NA NA NA NA NA NA NA
Arsenic 7440-38-2 0.0003 IRIS 1.5 IRIS NA NA 0.0043 IRIS 15.05 calculated”
Barium 7440-39-3 0.07 IRIS NA NA 0.0005 HEAST NA NA NA NA
||Bery||ium 7440-41-7 0.005 HEAST 4.3° IRIS NA NA 0.0024 IRIS 8.4 HEAST
Boron 7440-42-8 0.09 IRIS NA NA 0.02 HEAST NA NA NA NA
Cadmium 7440-43-9 0.001 IRIS NA NA NA NA 0.0018 IRIS 6.3 calculated”
Chromium VI 7440-47-3 0.005 IRIS NA NA NA NA 0.012 IRIS 42 calculated”
Cobalt 7440-48-4 NA NA NA NA NA NA NA NA NA NA
Copper 7440-50-8 NA NA NA NA NA NA NA NA NA NA
Vanadium 7440-62-2 0.007 HEAST NA NA NA NA NA NA NA NA
Zinc 7440-66-6 0.3 IRIS NA NA NA NA NA NA NA NA
Selenium 7782-49-2 0.005 IRIS NA NA NA NA NA NA NA NA

a - Since the analysis was performed the oral CSF was removed from IRIS.
b - Inhalation CSF = Inhalation URF*3500
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Table A-2 Chemical and Physical Properties for Metals of Concern in FFC Waste

Soil Soil-Water | Octanol-
Adsorption| Partition Water Henry's Law Diffusion Diffusion Molecular
Name CAS Coefficient| Coefficients | Partition Constant Coefficient in | Coefficientin| weight
(Koc) (Kd) Coefficient | (atm-m3/mol) | Water (cm2/s) | Air (cm2/s) (g/mol)
(mL/g) (mL/g) (Kow)

Aluminum 7429-90-5 NA 1500 NA NA NA NA 26.98
Lead 7439-92-1 NA 280000 NA NA NA NA 207.20
Nickel 7440-02-0 NA 82 NA NA NA NA 58.69
Silver 7440-22-4 NA 0 NA NA NA NA 107.87
Thallium (1) 7440-28-0 NA 74 NA NA NA NA 204.38
Arsenic 7440-38-2 NA 29 NA NA NA NA 74.92
Barium 7440-39-3 NA 530 NA NA NA NA 137.33

Beryllium 7440-41-7 NA 70 NA NA NA NA 9.01
Boron 7440-42-8 NA 3 NA NA NA NA 10.81
Cadmium 7440-43-9 NA 162 NA NA NA NA 112.41
Chromium VI | 7440-47-3 NA 18 NA NA NA NA 52.00
Cobalt 7440-48-4 NA 45 NA NA NA NA 58.93
Copper 7440-50-8 NA 22 NA NA NA NA 63.55
Vanadium 7440-62-2 NA 50 NA NA NA NA 50.94
Zinc 7440-66-6 NA 40 NA NA NA NA 65.38
Selenium 7782-49-2 NA 4 NA NA NA NA 78.96
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Table A-3 Biotransfer and Bioaccumulation Values for Metals of Concern in FFC Waste

) ) Air-Plant Air-Plant )
\I/:Vv;t ';r:sg:i't"i:; E:Qtt-\?:;l (F;g/'; Plant-Soil BCF-Leafy | Plant-Soil BCF- | Plant-Soil BCF- Biotransfer Biotransfer [ Biotransfer | Biotransfer (L?Ifg':gzl(;y BCFfish
Name CAS . Veg (ug/g DW forage (ug/g DW | grains (ug/g DW | Factor-leafy veg | Factor-forage [Factor- beef|Factor-dairy . (L/kg)
Adhering to | WW plant)/(ug/mL . . . weight) .
Plant Surface soil water) plant)/(ug/g soil) plant)/(ug/g soil) | plant)/(ug/g soil) (ug/g DW _ (ug/g DW . (day/kg) (day/kg) (total) (dissolved)
plant)/(ua/g air) [plant)/(ua/g air)
Aluminum 7429-90-5 0.6 NA NA NA NA NA NA NA NA NA NA
Lead 7439-92-1 0.6 9.0E-03 1.3E-05 1.3E-05 1.3E-05 NA NA 3.0E-04 2.5E-04 NA 4.40E+01
Nickel 7440-02-0 0.6 8.0E-03 3.2E-02 1.1E-01 3.2E-02 NA NA 6.0E-03 1.0E-03 NA 8.00E-01
Silver 7440-22-4 0.6 1.0E-01 4.0E-01 4.0E-01 4.0E-01 NA NA 3.0E-03 2.0E-02 NA 0.00E+00
Thallium (1) 7440-28-0 0.6 4.0E-04 4.0E-03 4.0E-03 4.0E-03 NA NA 4.0E-02 2.0E-03 NA 6.70E+01
Arsenic 7440-38-2 0.2 8.0E-03 3.6E-02 6.0E-02 3.6E-02 NA NA 2.0E-03 6.0E-03 NA 3.50E+00
Barium 7440-39-3 0.6 1.5E-02 1.5E-01 1.5E-01 1.5E-01 NA NA 1.5E-04 3.5E-04 NA NA
Beryllium 7440-41-7 0.6 1.5E-03 1.0E-02 1.0E-02 1.0E-02 NA NA 1.0E-03 9.0E-07 NA 1.90E+01
Boron 7440-42-8 0.6 NA NA NA NA NA NA NA NA NA NA
Cadmium 7440-43-9 0.6 6.4E-02 3.6E-01 1.4E-01 3.6E-01 NA NA 1.6E-04 1.0E-05 NA 1.87E+02
Chromium VI | 7440-47-3 0.6 4.5E-03 7.5E-03 7.5E-03 7.5E-03 NA NA 5.5E-03 1.5E-03 NA 1.00E+00
Cobalt 7440-48-4 0.6 7.0E-05 2.0E-02 2.0E-02 2.0E-02 NA NA 2.0E-02 2.0E-03 NA NA
Copper 7440-50-8 0.6 2.5E-01 4.0E-01 2.4E-02 4.0E-01 NA NA 1.0E-02 1.5E-03 NA 0.00E+00
Vanadium 7440-62-2 0.6 3.0E-03 5.5E-03 5.5E-03 5.5E-03 NA NA 2.5E-03 2.0E-03 NA NA
Zinc 7440-66-6 0.6 4.4E-02 2.5E-01 9.6E-02 2.5E-01 NA NA 1.2E-04 3.0E-05 NA 1.61E+02
Selenium 7782-49-2 0.2 2.2E-02 1.6E-02 6.0E-03 1.6E-02 NA NA 3.0E-03 4.5E-03 NA 8.81E+01
9/10/99 AppendixA.xls




Appendix B

Waste Char acterization
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Appendix B. Concentration Data Used for FFC Risk Assessment
I ntroduction

The following types of concentration data are used for the FFC risk assessment presented in this
report:

. Totals Data: The solid portion of the waste matrix, such as ash or sludge.

. Surface Impoundment Data: Ambient water from a surface impoundment managing
FFC wastes.

. Leachate and Pore Water Data: The leachate generated from solids. The leachate

is measured by both laboratory testing (e.g., TCLP) and in situ measurements (i.e.,
pore water data provided by EPRI). It differs from surface impoundment data by
being collected very close to, or within, the solid matrices.

This appendix discusses the first two types of data. The third is discussed in Appendix F to
“Technical Background Document for the Supplementa Report to Congress on Remaining Fossi
Fuel Combustion Wastes, Ground-Water Pathway Human Health Risk Assessment,” draft final,
April 1998.

Totals Data

Table B-1 presents an overview of the data sources used for FFC waste characterization for all
congtituents eval uated.

Table B-1. Source of Totals Datafor FFC Wastes

Scenario Data Source
Co-management coal combustion wastes: EPRI Site Investigations (14 sites plus 2
characterizing solid waste concentrations for all | earlier reports) that characterize samples of
scenarios co-managed wastes
Oil combustion wastes: characterizing EPRI oil ash database supplemented with
concentrations in solid wastes for al scenarios one verification sample from Florida Power
& Light

Fluidized bed combustion wastes: characterizing | CIBO data summary tables for FBC
concentrations in solid wastes for al scenarios byproducts

Non-utility wastes: characterizing concentrations | Same as coal combustion co-management
in solid wastes for all scenarios wastes

Cod Combustion Waste Co-Management Data: Solid Waste Characterization

Totals data from co-managed coal combustion wastes from the utility industry were compiled from
16 reports, each detailing site investigations from the late 1980s to early 1997. They include the
14 EPRI siteinvestigations, plus two additional reports characterizing the co-management of FGD
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sludge with low volume wastes published by EPRI in 1994 (i.e., the “ sodium based FGD sludge”
and the “calcium based FGD dludge” reports). In total, characterization data representing 48
relevant samples from 18 sites are used. These data are summarized in Table B-2. The type of
data represented are as follows:

Fly ash co-managed with low volume wastes (13 samples)

Bottom ash co-managed with low volume wastes (5 samples)

Combined ash co-managed with low volume wastes (9 samples)

FGD dudge co-managed with low volume wastes (16 samples)

Other miscellaneous combinations of high and low volume wastes (5 samples).

In evaluating the concentration data, the following assumptions and procedures were used:
. Non-detects were assigned a value equal to one-half the detection limit.

. Multiple samples from an individual site were averaged to obtain up to 18 data
points for each constituent (one for each site).

. From this distribution of 18 sites, a 50th and 95th percentile was determined. The
95th percentile always corresponded to the maximum (facility averaged)
concentration for this data set.

Oil Ash Data

Oil ash characterization data is based on a spreadsheet provided by EPRI, supplemented with one
EPA verification sample data from a Florida Power and Light (FP&L) facility. A total of 188 ail
ash samples are available. Totals datafor bottom ash (47 samples), fly ash (35 samples), and
settling basin solids (88 samples) were compiled separately. The remaining 18 samples are
comprised of miscellaneous wastes which were not included in the analysis (such wastes would,
in any case, be represented by settling basin solids because they are typically discharged to a
settling basin). Totals datafor bottom ash, fly ash, and settling basin solids were compiled
separately. In compiling data for each waste type, constituent concentrationsin all samples
representing the same waste type were averaged for a given facility. These average values were
arrayed to develop relevant statistics, such as median and 95th percentile concentrations, for each
constituent in each waste type. If aparticular constituent was reported as not detected, avalue
equal to one-half the detection limit was used in the calculations.

Only totals data for settling basin solids are used in the analyses to date. These data are presented
in Table B-3. Thereason for considering this single waste typeis as follows:

. Based on the EPRI Oil Ash report, atypica management practice for fly ashis
hydraulic transport to a settling basin, followed by dredging and final disposal.
Therefore, the characteristics of fly ash are expected to be represented by settling
basin solids.

. With the exception of bottom ash, little characterization is available for the
remaining wastes. As mentioned above, most or all of these waste streams are
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influents to a settling basin, where these wastes would become settling basin solids
and therefore would be represented by SSB sludge characterization data.

. According to the EPRI oil ash report, bottom ash is typically not managed in
settling basins and therefore bottom ash is not expected to be represented by
settling basin solids characteristics. However, the bottom ash generation rate is
much less than the settling basin solids generation rate, based on the oil ash report.

FBC Wastes

Data characterizing FBC wastes are available from asingle source. In August 1996, the Council
of Industrial Boiler Owners (CIBO) sent asurvey to all operators of fluidized bed boilers for
voluntary completion. This survey collected data detailing the design, fuel usage, waste
generation, waste management practices, and waste composition of FBC boilers using fossil fuel.
The survey results as they relate to ash composition are presented in *“ Report to the U.S. EPA on
Fossil Fuel Combustion Byproducts from Fluidized Bed Boilers, November 1997.” Survey
responses are available from 38 facilities, representing 45 percent of the total number of facilities
with at least one FBC unit. Totals analyses for three types of wastes are presented (fly ash, bed
ash, and combined ash), although concentrations for only one waste type are presented here:
combined ash. These statistics are taken directly from the CIBO printout (i.e., no comparison or
adjustment was made using the bed ash or fly ash data). The data are reproduced in Table B-4.
The reasons for assessing combined ash only, rather than or in addition to bed and fly ash, are as
follows:

. By definition, combined ash is a combination of bed ash and fly ash. Therefore,
the individual characteristics of fly ash and bed ash are represented in the
combined ash.

. The predominant (but not exclusive) practice isfor facilitiesto combine their
bottom ash and fly ash prior to further management (CIBO, 1997b). However,
because combined ash represents both bottom ash and fly ash, these segregated
management practices are captured in the risk analysis by ng combined ash.

Constituents reported as not detected were assigned avalue by CIBO equal to one-half the
detection limit. The 95th percentile was calculated by CIBO from adistribution of all samples
regardless of the originating facility, which is dightly different than the method used in calculating
the oil ash and comanagement data (where facility averaging is used).

Non-Utility Coal Combustion Wastes: Solid Waste Characterization

The same data used for utility coa combustion co-managed wastes are used here.

Surface | mpoundment Data

Data characterizing surface impoundment pond waters are available for only one of the four FFC
generating sectors. comanagement at coal fired utilities. Similar data are not available for surface
impoundments managing oil combustion wastes, FBC waste, or non-utility wastes. Therefore the
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discussion below is exclusive to coal combustion waste comanagement in surface impoundments.

Data characterizing pond waters from the co-management of high and low volume coal combustion
wastes are available from EPRI. Specifically, data are available for atotal of 16 sites, although
not all sites reported data for all constituents. The same data sources used in characterizing totals
data were used to characterize surface impoundment data. Data are presented in Table B-5.

The purpose of summarizing these datais to represent ambient conditionsin apond. Therefore,
decisions were made in what to consider an “ambient” water. Examples of such waters are
standing water collected directly from the pond and pond effluents. Examples of waters not
included are “raw” waste influents such as sluice waters and low volume wastes (which would be
quickly diluted in the pond, or represent only very localized effects), and impoundments containing
low volume wastes only (which are outside the scope of the study). A total of 59 pond samples
from 16 sites were used as the basis for calculating the characterization data. The number of
sample locations at each site ranged from 1 to 20. The samples include ponds managing fly ash,
bottom ash, and/or FGD dludge in conjunction with low volume wastes.

In evaluating the concentration data, the following assumptions and procedures were used:
. Non-detects were assigned a value equal to one-half the detection limit.

. Multiple samples from an individual site were averaged to obtain up to 16 data
points for each constituent (one for each site).

. From this distribution of 18 sites, a 50th and 95th percentile was determined. The
95th percentile always corresponded to the maximum (facility averaged)
concentration for this data set.

. The sampling methodol ogies were not always consistent between sites. Most
samples represented filtered water although no distinction was made in the data
compilation. Specifically, some samples were identified as “total” (i.e.,
unfiltered) and others were identified as “ dissolved” (i.e., filtered). Other samples
were not explicitly identified asfiltered or unfiltered, but are presumed to be
filtered because most water samples collected by EPRI in their site investigations
were filtered.
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Table B-2. Co-managed Coal Combustion Wastes from Utilities:
Totals Data from 18 Sites

Analyte Units Maximum Median Number of Sites
Concentration (95% |Concentration| Reporting a
Percentile Values) Concentration

Al ug/g 1.43e+05 6.28e+04 18
Ca ug/g 2.60e+05 1.39e+05 18
Fe ug/g 1.31e+05 5.68e+04 18
K ug/g 2.34e+04 4.48e+03 18
Mn ug/g 8.17e+02 2.93e+02 18
Mo ug/g 4.31e+01 5.08e+00 18
S ug/g 1.72e+05 1.87e+04 16
S ug/g 2.79e+05 1.29e+05 18
Sr ug/g 4.76e+03 5.62e+02 17
Ag ug/g 1.36e+01 6.17e+00 18
As ug/g 1.54e+02 1.73e+01 18
Ba ug/g 8.38e+03 7.71e+02 18
Cd ug/g 2.37e+01 5.88e+00 18
Cr ug/g 2.91e+02 5.94e+01 18
Cu ug/g 1.55e+02 9.62e+01 18
Ni ug/g 1.55e+02 5.98e+01 18
Pb ug/g 1.52e+02 2.34e+01 18
Se ug/g 3.24e+02 6.74e+00 18
ug/g 3.46e+02 6.83e+01 18

Zn ug/g 8.56e+02 7.33e+01 18
Sb ug/g 4.67e+01 6.07e+00 7
Be ug/g 1.56e+01 8.38e+00 3
B ug/g 4.17e+02 1.43e+02 5
Co ug/g 4.16e+01 3.38e+01 4
Na ug/g 1.25e+05 3.55e+03 7
Tl ug/g 4.80e+01 2.25e+01 3
Mg ug/g 1.53e+04 3.00e+03 7
Ti ug/g 9.51e+03 9.51e+03 1

Source: EPRI Comanagement Reports.
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Table B-3. Oil-Fired Utility Waste Total Composition Data 1, 2
Solids Settling Basins (SSBs) 7

W aste Constituent

Total Composition (mg/kg)

No. of No. of Non- Minimum Mean Median Maximum and
Facilities Detections 95%ile

Aluminum 4 - 3500 33768 15619 100333
Antimony 1 - 66 66 66 66
Arsenic 17 1 6.28 2104 16.05 16453
Barium 15 1 718 316.8 210 980
Boron 1 - 160 160 160 160
Cadmium 10 2 0.2 55 36 217
Calcium 12 - 534 47077 42350 122197
Chloride 12 - 150 5123 2286 19374}
Chromium 14 - 13 456 354 1250
Cobalt 1 - 50.6 50.6 50.6 50.6}
Copper 17 - 69 22545 5285 16460]
Fluoride 1 - 6.4 6.4 6.4 6.4
Iron 16 - 14000 92359 71817 2470008
Lead 10 - 46 6222 319 1773
Magnesium 12 - 1480 18938 11273 90000}
Manganese 5 - 72 868.4 665 2600
Mercury 5 1 0.1083 0.221 0.2 0.39}
Nickel 17 - 2410 A12 7150 32350
Nitrate 1 - 244 244 244 244
Phosphorus 1 - 130 130 130 130
Potassium 2 - 728 1614 1614 250
Selenium 6 - 0.79 134 9.9 34.96)
Silver 6 4 0.05 39 27 9.7
Sodium 16 - 244 10490 8041 35000
Sulfate 12 - 5550 126745 69966 782793
Sulfide 2 1 0.6 2353 2353 470
Vanadium 19 - 880 31583 2789%5 69666.7
Zinc 17 - 74 829.7 437.1 4010

1 Data Source: EPRI, Oil Combustion By-Products Database, June 1997.
2 All measurements identified as below detection limits were assigned concentrations equal to one-half the detection limit.
7 Beryllium and tin tested for in five samples, but not detected.
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Table B-4. FBC Byproducts. Totals Datafor Combined Ash
Analyte Units 95% Percentile Median Number of
Concentration  [Concentration |Samples Used in
Calculation

Al ug/g 6.40e+04 2.46e+04 48

Sb ug/g 5.17e+01 1.00e+01 45
As ug/g 1.06e+02 1.31e+01 60

Ba ug/g 6.50e+02 1.80e+02 57

Be ug/g 9.50e+00 1.91e+00 12

B ug/g 4.90e+01 2.11e+01 45

Cd ug/g 5.00e+00 6.90e-01 50

Cr ug/g 5.60e+01 3.45e+01 58

Co ug/g 1.25e+01 4.60e+00 30

Cu ug/g 2.49e+02 2.61e+01 56

Fe ug/g 2.81e+04 1.28e+04 48

Pb ug/g 6.70e+01 2.30e+01 57
Mn ug/g 1.70e+02 6.18e+01 47

Hg ug/g 2.78e+00 2.60e-01 57
Mo ug/g 2.70e+01 9.96e+00 50

Ni ug/g 5.30e+02 1.54e+01 59

K ug/g 6.60e+03 4.14e+03 26

Se ug/g 2.30e+01 4.00e+00 59
Ag ug/g 5.00e+00 7.50e-01 48

Tl ug/g 2.50e+01 5.19e+00 8

V ug/g 5.00e+03 3.80e+01 11

Zn ug/g 2.57e+02 1.99e+01 57

Source: FBC byproduct characterization datatables by CIBO.
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Table B-5. Concentrations in Impoundment Waters
(all data are averaged across each facility)

Parameter Unit of Concentration # Samples
Measure  losth oile  [Median

Aluminum mg/L 5.11 0.74 13
Ammonia mg/L 3.72 0.116 8
Antimony mg/L 0.137 0.118 2
Arsenic mg/L 0.55 0.0201 15
Barium mg/L 0.712 0.134 14
Beryllium mg/L 0.001 0.001 2
Boron mg/L 460 5.67 16
Bromide mg/L 5680 1.67 13
Cadmium mg/L 0.25 0.0089 14
Calcium mg/L 1020 225 16
Chloride mg/L 21200 127 16
Chromium mg/L 0.4 0.0112 15
Chromium, hexavalent mg/L 0.0267 0.0267 1
Cobalt mg/L 0.01 0.0075 2
Copper mg/L 0.39 0.0077 11
Organic Carbon mg/L 270 7.01 12
Ferric Iron mg/L 0.0792 0.0384 3
Ferrous Iron mg/L 0.07 0.05 3
Fluoride mg/L 379 0.834 14
Inorganic Carbon mg/L 120 17.5 11
Iron mg/L 2.70 0.025 15
Lead mg/L 0.25 0.0135 13
Magnesium mg/L 1150 74.8 16
Manganese mg/L 3.4 0.12 15
Mercury mg/L 0.0015 0.001 2
Molybdenum mg/L 0.5 0.188 15
Nickel mg/L 0.6 0.0239 14
Nitrate mg/L 1400 2.56 14
Nitrite mg/L 6 0.227 12
Oxalate mg/L 0.1 0.07 2
pH units 10.1 8.4 15
Phosphate mg/L 1500 0.437 14
Potassium mg/L 1080 20.4 16
Redox Potential, Eh mv 491 271 15
Selenium mg/L 7.8 0.0402 13
Silicon mg/L 34 4.39 14
Silver mg/L 0.005 0.0044 3
Sodium mg/L 61200 183 16
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Table B-5. Concentrations in Impoundment Waters
(all data are averaged across each facility)

Parameter Unit of Concentration # Samples
Measure  fosth oile  [Median

Specific conductance @ 25C [micromhos/cm 70400 742.75 10
Strontium mg/L 30.05597| 4.078875 14
Sulfate mg/L 123000 2037.733 16
Sulfide mg/L 1.53 0.5 3
Sulfite mg/L 1070 1.760417 12
Sulfur mg/L 4292.375| 375.8911 8
Thallium mg/L 0.05 0.02625 2
Thiosulfate lon mg/L 3370 0.2375 10
Uranium mg/L 11 11 1
Vanadium mg/L 0.8 0.03725 14
Zinc mg/L 0.67 0.025 15
Purgeable Organics mg/L 1.401613| 1.401613 1
Alpha pCi/L 4 4 1
Radium 226 pCi/L 0.3 0.3 1
Radium 228 pCi/L 0.5 0.5 1
Radon-222 mg/L 250 250 1
Hardness mg/L 1121.524| 770.7619 2
Temperature EF 84.6 7.7 3
Total Dissolved Solids mg/L 32500 1841.081 4
Bicarbonate mg/L 75.58333| 75.58333 1
Carbonate mg/L 12 6.25 2
Hydroxide mg/L 0.5 0.5 1
Alkalinity mg/L 230 146 5

Source: EPRI Site Investigation reports.
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May 13, 1998

Appendix C

Overland Transport Models

Methodology

The Universal Soil Loss Equation (USLE) is an empirical erosion model originally
designed to estimate long-term average soil erosion losses to a nearby waterbody from an
agricultural field having uniform slope, soil type, vegetative cover, and erosion-control practices.
In the risk assessment, the USLE was used to estimate the mass of soil lost per year per unit area
from a waste source and deposited directly onto the adjacent receptor site. A fixed sediment
delivery ratio was used to estimate the percentage of eroded soil that ultimately reached the
receptor site. The quantity of soil eroded from the waste source and deposited directly on each
receptor site (agricultural field, residential lot, home garden) was estimated independently of soil
eroded from the waste source and deposited into the nearest surface waterbody .

The USLE was modified to estimate soil erosion and overland transport of sediment from
waste sources across intervening areas to nearby waterbodies by evaluating this processin an
integrated setting (Beaulieu et a., 1996). Overland transport of sediment from waste sourcesto
receptor locations is estimated independently from transport from the waste source to the
waterbody. Because the USLE equation estimates only soil erosion to waterbodies, the receptor
location is considered to be located between the waste source and the waterbody. The area
including the waste source, the receptor site, and the intervening areais considered for the
purposes of the analysis to be an independent drainage subbasin. The soil erosion load from the
subbasin to the waterbody is estimated using a distance-based sediment delivery ratio and the
sediment not reaching the waterbody is considered to be deposited evenly over the area of the
subbasin. Thus, using mass balance equations, contributions to the constituent concentrations of the
waterbody and of the receptor soil may be estimated. The equations implementing the concept of
the integrated setting are based on the following assumptions:

C The area of the management unit and the area between the management unit and the
nearest waterbody, including the receptor site, make up a discrete drainage
subbasin. These areas are shown in the main body of this report.

C The sediment delivery ratio (SDg) and the soil loss rate per unit area are assumed
to be constant for all areas within the subbasin.

C The amount of soil deposited onto the receptor site through soil erosion is
estimated by assuming that the fraction of soil that does not reach the waterbody
remains in the subbasin.

C-1
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C The entire subbasin drainage system is assumed to be at steady-state.
Consequently, steady-state soil concentrations for the different subareas (e.g.,
receptor site, surrounding area) can be calculated using a mass balance approach.

C The soils within the watershed are assumed (on the average) to have the same soil
properties (e.g., bulk density, soil moisture content), a reasonable assumption for
areas with similar irrigation rates with infrequent tilling.

C The soil/constituent movement within the entire watershed is evaluated separately
from the soil/constituent movement that occurs in the drainage subbasin. Only air
deposition of constituents contributes to the constituent concentrations in soil
outside the subbasin. The contribution of each area within the watershed to the
congtituent concentration in the waterbody is estimated independently and summed
to estimate the total waterbody concentration.

C No contributions to constituent concentrations are assumed to occur from sources
other than the waste source within the subbasin.

Table C-1 lists the modified equations for overland transport used to implement the
integrated setting approach to soil erosion and indicates if these equations have been changed or
added since the proposed rule. The equations are presented in detail in Appendix E and
Appendix F.

Soil Load from Waste Source to Receptor Site

The mass of eroded soil (soil load) from the waste source to the receptor site (SLof) isa
major input required to calculate the receptor site soil constituent concentration (C:). The receptor
site (residential plot, home garden, or agricultural field) soil concentrations are used to estimate
risk through the soil ingestion pathway for all scenarios and through the food chain pathways (e.g.,
aboveground and belowground produce) for the home gardener and subsistence farmer scenarios.
By assuming that the probability of soil redeposition is equivalent for all areas within the subbasin
(i.e., the waste source, intervening area, and the receptor site), the amount of contaminated soil that
erodes onto any area can be calculated by using a simpleratio of the area of concern to the total
areafor soil deposition:

DSy ™ X X A, X (1&Dg) x Sy (D
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Table C-1. Guideto Modified Equationsfor Overland Transport
(bolded parameter are calculated using indented parameters)

Parameter Definition
L+ Total constituent load to water body
Le Constituent load via soil erosion to waterbody
Lr Constituent load from pervious runoff to waterbody
Le Constituent load via soil erosion to water body
Xe Unit soil loss
SDws Sediment delivery ratio for watershed
2 Soil volumetric water content
S erode Average constituent concentration based on erosion
SDg Sediment delivery ratio for subbasin
h Dws Sediment delivery ratio for watershed
z Asg/sur Areaof buffer and surrounding area
Ll Cr Constituent concentration in offsite field
Z Coisur Congtituent concentration in buffer and surrounding
Cuws Constituent concentration in watershed
: Lr Constituent load from perviousrunoff to water body
u 2 Soil volumetric water content
o Sern Average constituent concentration based on area
n Ag/sur Areaof buffer and surrounding area
Cr Constituent concentration in offsite field
[y Ch/sur Constituent concentration in buffer and surrounding
> Cuws Constituent concentration in watershed
= Ce Constituent concentration in offsitefield
: SLor Soil load from site to offsite field
u Xe Unit soil loss
u SDg Sediment delivery ratio for subbasin
Ag/sur Areaof buffer and surrounding area
‘: SF=SFor Scaling factor
ﬁ A=Ag Areaof source
Sler Soil load from buffer to offsite field
& (continued)
)]
- |
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Table C-1. (continued)

Parameter Definition
Xe Unit soil loss
SDg Sediment delivery ratio for subbasin
Ag/sur Areaof buffer and surrounding area
SF=Skg¢ Scaling factor
A=Ag Areaof buffer
Coisur Congtituent concentration in buffer and surrounding
Dsyy r Aerial deposition rate term
kse Constituent loss constant for offsite field
kd L oss constant due to leaching
2 Soil volumetric water content
kse L oss constant due to erosion
Xe Unit soil loss
SDg Sediment delivery ratio for subbasin
Ag/sur Areaof buffer and surrounding area
2 Soil volumetric water content
CF=CF: Correction factor
Agr Area between field and waterbody
ksr L oss constant due to runoff
2 Soil volumetric water content
ksv L oss constant due to volatilization
A=A Areaof offsitefield
Mg Mass of soil within mixing depth of offsite field
A=A Areaof offsitefield

Coisurr Concentration in buffer and surrounding area
SLogssur Soil load to buffer and surrounding area
Xe Unit soil loss
D Sediment delivery ratio for subbasin
Asg/sur Areaof buffer and surrounding area
SF = SFogrsur Scaling factor
A=Ag Areaof buffer
Dsy) sisur Aerial deposition rate term

(continued)
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Table C-1. (continued)

Parameter Definition
KSs/sur Constituent loss congtant for buffer and surrounding
kd L oss constant due to leaching
2 Soil volumetric water content
kse L oss constant due to erosion
Xe Unit soil loss
D Sediment delivery ratio for subbasin
Ag/sur Areaof buffer and surrounding area
2 Soil volumetric water content
CF = CFg/sur Correction factor
ksr L oss constant due to runoff
2 Soil volumetric water content
ksv L oss constant due to volatilization
A = Agsur Areaof buffer and surrounding
Mag/sur Mass of soil within mixing depth of buffer/surround
A = Agsur Areaof buffer and surrounding
Cws Constituent concentration in water shed
Dsayws Aerial deposition rate term
KSws Congtituent loss constant for watershed
ks L oss constant due to leaching
2 Soil volumetric water content
kse L oss constant due to erosion
Xe Unit soil loss
SDws Sediment delivery ratio for watershed
2 Soil volumetric water content
CF =CFys Correction factor
ksr L oss constant due to runoff
2 Soil volumetric water content
ksv L oss constant due to volatilization
A=Aus Area of watershed
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where
DS = soil delivery rate from source (waste source) to receptor (kg/yr)
Xes = unit soil loss rate from waste source (kg/n?-yr)
As = areaof the waste source (n¥)
SDg = sediment delivery ratio of the subbasin to the nearest waterbody (unitless)
SFor = deposition area scaling factor (n?/n)
= ratio of thereceiving field areato the entire area available for deposition
= Ad(Ast Agsur + Af)
Ar = areaof thereceptor site (n7)
Agsr = areaof the buffer and surrounding areas within the subbasin (n?).

Total Constituent Load to Waterbody

The total load to the waterbody (Ly) is the sum of the constituent load via erosion (Lg) and
the congtituent load from pervious runoff (Lg). Thetotal load to the waterbody is used to estimate
risk to the fisher from the ingestion of fish. The estimation of Lg requires the calculation of a
weighted average constituent concentration in watershed soils based on the eroded soil
contribution (S; «ge), @nd the L term requires the calculation of a weighted average constituent
concentration based on the pervious runoff contribution (S.,.,). The weighted average constituent
concentration represents the effective watershed soil concentration based on contributions from the
subbasin and the remainder of the watershed. Most important, the weighted average concentration
accounts for the differences in constituent concentrations in the different areas within the
watershed. The calculation of Ly requires constituent concentrations for each of the following
areas within the watershed: the source (waste source), the receptor site, the buffer and
surrounding area, and the watershed area outside the drainage subbasin. For the watershed soils
outside the subbasin, it is assumed that constituents reach the watershed solely viaair deposition
(i.e., no erosion component).

Calculation of Ly requires constituent concentrations for each of the following areas within
the watershed: the source (waste source); the offsite field, the buffer, and surrounding area within
the subbasin); and the watershed area outside the drainage subbasin. If we consider the erosion
load (Lg) to the surface waterbody for each of these areasindividualy, the equation may be
written as:

Kd_ BD (C-2)
s ) x 0.001] %

Le " [X.g X ER x SDg, x Aj X Cj X (——-x
Xes s (Z%KdSBD

E

Kd, BD
) x 0.001] %

Xog X ER x SDg % A X Cp X (—————
Xew s F S (2%KdSBD

Kd. BD
X (—— ) x 0.001] %

[Xeg ¥ ER X SDg % Aggyr * Coigur 2 % Kd, BD
S

0 : Kd, BD
[X, % ER x SDc % [Ays & (A, % Ar % Agg,)] % C

X (———) x 0.001
ws * (55 Kd, 50’ ]

where
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Le = constituent load to watershed due to erosion (g/yr)
Xese = unitsoil lossin subbasin (kg/m/yr)
ER = enrichmentratio
SDgy = sediment delivery ratio for subbasin
A, = areaof source(nr)
C, = congtituent concentration at the source (mg/kg)
Kd; = soil water partition coefficient (L/kg)
BD = bulk density of soil (g/cn?)
2 = volumetric soil content of soil (cm®/cn)
0.001 = unit conversion factor ([g/kg]/[mg/kq]).
Ar = areaof receptor field (n7?)
C: = constituent concentration in receptor site field (mg/kg)
Agsyr = areaof buffer and surrounding area (nv)
Cosur = cCOnstituent concentration in buffer and surrounding area (mg/kg)
Xe = unit soil lossin watershed outside of subbasin (kg/m/yr)
SDg = sediment delivery ratio for watershed (unitless)
Aws = areaof entire watershed (n¥)
Cws = congtituent concentration in watershed soils outside of subbasin (mg/kg).

The enrichment ratio (ER) represents the redlity that erosion favors the lighter soil
particles, which have higher surface-area-to-volume ratios and are higher in organic matter
content. Therefore, concentrations of organic constituents, which are a function of organic carbon
content of sorbing media, would be expected to be higher in eroded soil then in in situ soil. This
factor is generally assigned valuesin therange of 1t0 5. A value of 3 for organic contaminants
and avalue of 1 for metals would be reasonable first estimates (U.S. EPA, 1994).

Alternatively, this equation can be written in terms of an average weighted soil
concentration for the watershed that results in the same congtituent load as a function of erosion
and sediment delivery. The S g0 term shown at the end of Equation C-3 reflects this
modification:

i} Kd, BD
Le * [X, X ER X SDy g X A X (m) x 0.001] x S g (C-3)

L aso requires the congtituent load from pervious runoff (Lg). The Lg term is calculated
using equation C-4.

S, x BD
2 % Kd_ x BD

Le " Rx (A, &A) % x 0.01 (C-4)
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where
Lr = pervious surface runoff load (g/yr)
R = average annua surface runoff (cm/yr)
A.s = areaof entire watershed (nv)
A, = imperviouswatershed areareceiving constituent deposition (nv)
S. = weighted average constituent concentration in total watershed soils
(watershed and sub-basin) based on surface area (mg/kg)
BD = soil bulk density (g/cn®)
2 = volumetric soil content of soil (cm?/cm?)
Kds = soil water partition coefficient (L/kg) or (cm?/g)
0.01 = unitsconversion factor (kg-cn?/mg-nv).

Assuming that the ratio of pervious and impervious soilsisthe same for each of the
designated areas, a correction for areas that do not erode (streets, rocks, etc.) can be added to
Equation C-3 by replacing Ays with Aws - A, , where A, equals the total impervious areain the
watershed. Setting the L equal to each other in the previous two equations and solving for S gode
yields:

S - (XeS3XAstOXSDS3) % (XeS3XAB/SurerB/SuerSDSB) % (XeSSxAFxCFXSDSS) %
erod : : 0
oek ><eXSDWSXAWS
(C-95)
{[Aws & (Ag % A % Aggr)] * Cygl
AWS

Equation C-5 accounts for differencesin the sediment delivery ratios (SD), surface areas
(A), and mixing depths (Z) for discrete areas of the watershed (i.e., source, receptor field, buffer/
surrounding areas, and the remaining watershed). Similarly, the weighted average for runoff
losses (ksr) was derived using the areas for various watershed components (e.g., receptor site
field, watershed outside drainage subbasin); however, different sediment delivery ratios were not
required because soilsin the area were considered to be similar and the slope was considered
uniform. It was possible to generate simple area-based weighting factors because the rainfall
runoff per unit area was assumed to be constant for the entire watershed area.

Constituent Concentrationsin Various Watershed Components

The constituent concentrations for the receptor site field (C:), the buffer and surrounding
area (Cg/syr), and the watershed area outside of the drainage subbasin (C,s) are required to solve
Sceode AS Suggested previously, a mass balance approach was used to calcul ate the constituent
concentrations for all watershed components. For the receptor site field, the mass balance
equation is given by:

MF (dCF /dt) - [Co SLo,F % (MF Ds(l),F)] % (SLB,F CB/SJrr) & (MF ksF CF) (C-G)

C-8
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where
M = massof thefield (kg)
C: = constituent concentration in the receptor site field (mg/kg)
Slor = soil load from source to the field (kg/yr)
Dsyr = air deposition rate from source to the field (mg/kg-yr)
Slgr = soil load from buffer to the field (kg/yr)
kss = constituent lossrate coefficient for the field (per yr).

At steady state, this equation can be solved for the constituent concentration in the receptor
sitefield asfollows:

Ce = [(Co SLog + Me Dsgyyp) + (SLgr Coiaun)] / (Me kse) (C-7)

As with the constituent concentration in the receptor site field, the concentration in the
buffer and surrounding areais given by:

Megsur(dCgisur / dt) = (SLogisur Co) + [Meisur (DS grsur = KSeisur Carsur)] (C-8)
where
Mgy = massof the buffer and surrounding area (kg)
Cgsar = coOngtituent concentration in the buffer and surrounding area (mg/kg)
Slogsar = S0il load from source to buffer/surrounding areas (kg/yr)
C, = soil congtituent concentration at the source (mg/kg)
Dsyeser = ar deposition rate from source to buffer and surrounding area (mg/kg-yr)

ksssr = congtituent loss rate coefficient for the buffer/surrounding area (per/yr).

At steady state, this equation may be solved for Cgg,, as follows:
Coisur = (Co SLopisur + Messur DS(l),B/Surr) I (Me/sur KSg/surr) - (C-9)

For the watershed soils outside of the subbasin, we assumed that constituents reached the
watershed solely viaair deposition (i.e., no erosion component). Using similar mass balance and
steady-state assumptions, the constituent concentration in watershed soils outside the subbasin may
be calculated using:

Cws = Dsgyws/ KSws (C-10)
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where
Cws = soil congtituent concentration in the watershed (mg/kg)
Dsyws = air deposition rate from source to the watershed (mg/kg/yr)
ksws = constituent loss rate coefficient for the watershed (per yr).
Summary

The equations and default input parameter values used to calcul ate receptor site soil
concentrations and the waterbody concentrations of constituents of concern, including the revised
overland transport pathways, are presented in Appendix E and Appendix F.

Contaminated particles are transported from the waste source to receptor sitesviaair
deposition aswell as runoff/erosion. For the revised integrated setting analysis, mass balance was
applied for each area of interest (e.g., buffer area between source and receptor site, receptor site,
or surrounding aread). Consequently, the respective air deposition value for each area of interest is
included in the evaluation of the mass balance. The air deposition over the entire subbasin area
was considered to be uniform and equal to the air deposition modeled for the receptor site.
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Appendix D

|SCST3 Air Dispersion Model

Air dispersion modeling will be conducted with the EPA’s Industrial Source Complex
Short Term, version 96113 (ISCST3). I1SCST3 isa Gaussian plume model that can simulate both
wet and dry deposition and plume depletion. The ISCST3 outputs are used to estimate the
particulate air concentrations and deposition rates needed to develop risk estimates associated
with exposures attributable to fugitive emissions rel eased from ground-based, area sources. The
EPA’sISCST3 model is applicable in ssimple, intermediate, and complex terrains. However, as
discussed in Volume Il of the ISCST3 User’s Guide (U.S. EPA, 1995a) the complex terrain
screening algorithms do not apply to area sources such as the emission sources being investigated
as part of thisanaysis. Consequently, regardless of the location being modeled, receptor
elevations were not specified in the ISCST3 input files. The ISCST3 model will be run using
"default" model options specified in the Guideline on Air Quality Models (U.S. EPA, 1993).

Determination of Environmental Setting Required for Air Modeling

Before beginning the air dispersion modeling, the area around afacility should be
investigated to identify the types of land usesin the area, and to select water bodies to model
exposures to contaminants through fish ingestion. Characterizing these environmental settingsis
crucial in the risk assessment process. For the generic setting that will be used in this analysis the
surrounding land use will be defined as agricultural.

Another environmental setting characterization that isimportant for the air dispersion
portion of the fate and transport modeling is the roughness length. The roughnesslengthiisa
measure of the variation in height of individual €lements on the landscape such as trees and
buildings. Roughness height values for various land use types are presented in Appendix B of the
PCRAMMET User’s Guide (U.S. EPA, 1995b) for the ISCST3 Modd.

Preparing Meteorological Data

ISCST3 requires avariety of meteorologic data as input. For each location modeled, 5
years of surface and upper air datawill be obtained to determine long-term average air dispersion
and deposition estimates. Surface data will be obtained from the SAMSON CD-ROM for each
National Weather Service station located in alocation of interest. These datainclude 5 years of
hourly observations of the following meteorologic parameters: opague sky, temperature, wind
direction, windspeed, ceiling height, present weather, station pressure, and precipitation type and
amount. The corresponding upper air datawill be obtained from EPA's SCRAM bulletin board
and will be paired with the surface data for air dispersion modeling through the use of the
meteorologic preprocessor PCRAMMET. PCRAMMET pairs the surface data with the upper air
data to create a meteorologic file that contains hourly windspeed, wind direction, atmospheric
stability class, temperature, and mixing height. The preprocessor also requires additional inputs
based on site-specific land use data. PCRAMMET inputs were derived as recommended in the
PCRAMMET User's Guide based on conservative assumptions.

D-1
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Table D-1 identifies the particle size distribution and the associated scavenging
coefficients that will be used in conducting air dispersion modeling for thisanalysis. The
scavenging coefficients associated with the particle size distribution were obtained from Jindal
and Heinhold (1991). Liquid and frozen scavenging coefficients were set equal (PEI, 1986).

Table D-1. Particle Size Distribution and Scavenging Coefficients

Liquid and Frozen
Weight Distribution Scavenging Coefficients

Particle Size Diameter (um) (Fraction) (h/mm-s)
5.0 0.50 3.9E-4
20.0 0.50 6.7E-4

Although wet scavenging of vapors depends on the properties of the chemicals involved, not
enough data are available to develop chemical-specific scavenging coefficients adequately at this
time. Therefore, gases were assumed to be scavenged at the rate of small particles whose
behavior in the atmosphere is assumed to be more influenced by the molecular processes that
affect gases than the physical processes that often dominate behavior of larger particles. The value
1.7e-4 (Wmm:-s) for the gas scavenging coefficient was also taken from Jindal and Reinhold
(1991).

Preparing ISCST3 Input Files

A thorough discussion of how to prepare the input files for ISCST3 can be found in the
ISC3 User’s Guide (U.S. EPA, 1995a). The model and the User’s Guide are available for
downloading from the SCRAM BBS. ISCST3 requires site-specific inputs for source parameters,
receptor |locations, meteorological data, and terrain features. The mode is setup through the use of
acontrol file. The control fileis divided into the sections listed below that are identified in the
control file by two-letter keywords.

Section Keyword
Control CcOo
Source SO
Receptor RE
Meteorol ogy ME
Terrain TG
Output ou

Specific directions for running the ISCST3 model are provided in the ISC3 User’s Guide.

The ISCST3 air model isrun using a unit emission rate of 1 microgram per second per
sguare meter. Adjustments for facility-specific emission rates occur later in the indirect modeling
process. However, the model does require alimited amount of facility-specific information to
estimate air concentrations and deposition rates. The facility-specific inputs include emission
source characteristics and particle size distribution data.
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TableE-1.1. Constituent Concentration |n Residential Plot Dueto Erosion

Adult Resident Exposure Scenario

. S'-o, XCy X ER % SLge X Cggpr X ER % Ds(l)R
R ks, X M M, X ks, ks,
Parameter Definition Central Tendency High End
Cr Constituent concentation at residential plot
(mg/kg)
Sor Soil load delivered to off-site location for Calculated
material originating in source area (kg/yr) (seeTableE-1.2))
Slgr Soil load delivered to off-site location for Calculated
materia originating in buffer area (kg/yr) (see Table E-1.7.)
Cassur Constituent concentration in buffer and Calculated
surrounding areas (mg/kg) (seeTableE-1.11))
Dsy)r Deposition term for the residential plot Calculated
(mg/kg.yr) (seeTableE-1.24.)
G Source contaminant concentration (mg/kg) Chemical-specific
kss Constituent loss constant from the Calculated
residential plot (1/yr) (see Table E-1.25.)
Mg Mass of soil in mixing depth of residential Calculated
plot (kg) (see Table E-1.32.)
ER Constituent enrichment ratio (unitless) Metals=1
Description

This equation is used to cal cul ate the mass of constituent deposited onto residential plot asaresult of erosion
from the source.
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TableE-1.2. Soil Load Delivered to Off-Site Location for Material Originating from Source Area

All Exposur e Scenarios

SLpr ™ Xos XA X (1&SDg) X SFy ¢

Parameter Definition Central Tendency High End

SLor Soil load delivered to off-site location for
material originating from source area (kg/yr)

Xes Unit soil loss from source (kg/mé-yr) Calculated (see Table E-1.3.)

As Areaof source (nm?) Source-specific

SDgs Sediment delivery ratio for sub-basin Calculated (see Table E-1.4.)
(unitless)

SFor Scaling factor Calculated (see Table E-1.6.)

Description

Thisequation is used to calculate the load of eroded soil originating from the source that is deposited onto the
off-site location of interest.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

E-2




Table E-1.3. Universal Soil Loss Equation (USLE) for the Source Area

All Exposur e Scenarios
. 907.18
X.s R X Kgx LS x Cg x Pg x 2007
Parameter Definition Central Tendency High End

Xes Unit soil loss from the source

(kg/mlyr)
Rs USLE rainfall (or erosivity) factor (1/yr) Met Specific

(See Table 2-1 of Report)

Ks USLE erodibility factor (ton/acre) 0.3
LS USLE length-slope factor (unitless) 15
Cs USLE cover management factor 0.15

(unitless)
Ps USL E supporting practice factor 1

(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (mf/acre)

Description

This equation calculates the soil loss rate from the source, using the Universal Soil Loss Equation; theresult is
used in the soil erosion load equation.
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Table E-1.4. Sediment Delivery Ratio

All Exposur e Scenarios

Dy " ax (A Ayg,, % A

Parameter Definition Central Tendency High End

Dy Sediment delivery ratio for sub-basin

(unitless)
a Empirical intercept coefficient Depends on sub-basin area; see table below
As Areaof source (n?) Waste management scenario specific
Ag/sur Areaof buffer and surrounding areas Calculated (see Table E-1.5.)

(m’)
Ac Areaof off-site location of interest (n?) | Ag. field = 902,450

Residential plot or home garden = 5,100
b Empirical slope coefficient 0.125
Description

This equation calculates the sediment delivery ratio for the sub-basin; the result is used in the soil erosion load
equation.

Valuesfor Empirical Intercept Coefficient, a

Sub-basin g
(AstAgisuntAr) coefficient
(unitless)
#0.1 21
1 1.9
10 14
100 1.2
1,000 06
1 sg. mile = 2.59x10° m?
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Table E-1.5. Buffer and Surrounding Areas

All Exposur e Scenarios

Agam dbx\/A_F it A>A
Agarr ~ WA % dyxyAs & A if Ag$ A but JAS < d, % /A

Agsir © As& A if A > Ao and A $ d, % A

Parameter Definition Central Tendency High End

Ag/sur Areaof buffer and surrounding areas
(m?)

d, Distance between source and field 300 75
(side length of buffer area) (m)

Ac Areaof off-site location of interest Agfield = 902,450
(m?) Residential plot or home garden = 5,100

As Area of source (nv) Waste management of scenario-specific

Description

This equation cal culaes the area of the buffer and surrounding areas for each of the different exposure
scenarios.
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TableE-1.6. Scaling Factor

All Exposur e Scenarios

. A

For % %
AS 0 AB/SJrr 0 AF

Parameter Definition Central Tendency High End
SFor Scaling factor
Ac Areaof off-sitelocation of interest Ag. field = 902,450
(m?) Residential or home garden = 5,100
Ag/sur Areaof buffer and surrounding area Calculated (see Table E-1.5.)
()
As Area of source () Waste management scenario-specific

Description

Thisterm is used to determine what portion of the total amount of eroded source material available for
deposition within the sub-basin will be deposited onto just the off-site location of interest.
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TableE-1.7. Soil Load Delivered to Off-Site L ocation for Material Originating from Buffer Area

All Exposur e Scenarios

Slgr " Xep X Ag X (1& SDg) X SRy

Parameter Definition Central Tendency High End
Slgr Soil load delivered to off-site location for
material originating from buffer area (kg/yr)
Xep Unit soil loss from buffer area (kg/m?-sec) Calculated (see Table E-1.8.)
Ag Areaof buffer (m?) Calculated (see Table E-1.9.)
SDgs Sediment delivery ratio for sub basin Calculated (see Table E-1.4.)
(unitless)
SFer Scaling factor Calculated (see Table E-1.10.)
Description

Thisequation is used to calculate the load of eroded soil originating from the buffer areathat is deposited onto
the off-site location of interest.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

E-7




Table E-1.8. Universal Soil Loss Equation (USLE) for Buffer Area

All Exposur e Scenarios
Xeg - Re X Kg X LS x Cg X Pg X 9;;4178
Parameter Definition Central Tendency High End

Xep Unit soil loss for buffer area (kg/nv -yr)
Rg USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)
Kg USLE erodibility factor (ton/acre) 0.3
LS USL E length-slope factor (unitless) 15
Cs USLE cover factor (unitless) 0.1
Ps USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (mé/acre)
Description

This equation is used to cal culate the soil 1oss rate from the buffer area using the Universal Soil Loss
Equation; the result is used in the soil erosion load equation.
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TableE-1.9. Buffer Area

All Exposur e Scenarios

AT d o xy A if A > A

A doxAsif AL S A

Parameter Definition Central Tendency High End
Ag Areaof buffer (n?)
dy Distance between source and field (side- 300 75
length of buffer area) (m)

Ac Areaof off-site location of interest (nv) Ag. Field = 902,450
Residential plot or home garden =
5,100

As Areaof source (nm?) Waste management scenario-specific
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Table E-1.10. Scaling Factor

All Exposur e Scenarios

. Ar

For ' A% A
AB/SJrr 0 AF

Parameter Definition Central Tendency High End
SFer Scaling factor
A Area of off-site location (m?) Ag. field = 902,450
Residential plot or home garden = 5,100
Ag/sur Areaof buffer and surrounding area Calculated (see Table E-1.5.)

(m)

Description

Thisterm is used to determine what portion of the total amount of eroded buffer material available for
deposition within the sub-basin, will be deposited onto just the off-site location of interest.
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TableE-1.11. Constituent Concentration Dueto Erosion in Buffer and Surrounding Areas

All Exposur e Scenarios

C - S‘O,B/Surr X CO X ER % DS(l),B/SJrr
/
s ksB/Surr X I\/lB/S.lrr ksB/Surr
Parameter Definition Central Tendency High End

Cosurr Constituent concentration in the buffer and

surrounding area (mg/kg)
SLorsur Soil load delivered to buffer and surrounding Calculated

area (kg/yr) (seeTableE-1.12))
G Source constituent concentration (mg/kg) Chemical-specific
KSg/sur Constituent loss constant for buffer and Calculated

surrounding area (1/yr) (see Table E-1.15.)
Mo sur Mass of soil in mixing depth of buffer area Calculated

(kg) (see Table E-1.23))
Dsgy, sisure Deposition term for off-site field (mg/kg.yr) Calculated (see Table E-1.14.)
ER Constituent enrichment ratio (unitless) Metals=1

Description

This equation is used to calculate the constituent concentration in the buffer and surrounding areas as aresult
of erosion from the source.
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TableE-1.12. Soil Load Delivered to Buffer and Surrounding Areafor Material Originating from Source

All Exposur e Scenarios

Soparr - Xes X As X (1 & SDg) X SFj g

Parameter Definition Central Tendency High End

SLog/sur Soil load delivered to buffer and surrounding
area (kg/yr)

Xes Unit soil loss from source (kg/mé-yr) Calculated (see Table E-1.3.)

As Areaof source (nm?) Source-specific

SDgs Sediment delivery ratio for sub-basin Calculated (see Table E-1.4.)
(unitless)

SFoisur Scaling factor Calculated (see Table E-1.13.)

Description

Thisequation is used to calculate the load of eroded soil originating from the source that is deposited onto the
buffer and surrounding areas.
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TableE-1.13. Scaling Factor

All Exposur e Scenarios

- AB/SJrr

SF
0,B/ul
" AS % AB/Surr%AF

Parameter Definition Central Tendency High End
SFogrsur Scaling factor
A Area of off-site location (m?) Ag. field = 902,450
Residential plot or home garden = 5,100
Ag/sur Areaof buffer and surrounding area Calculated (see Table E-1.5.)
()
As Area of source () Waste management scenario-specific

Description

Thisterm is used to determine what portion of the total amount of eroded source material available for
deposition within the sub-basin, will be deposited onto just the buffer and surrounding areas.
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Table E-1.14. Deposition Rate Factor to Buffer and Surrounding Areas

All Exposur e Scenarios

Ds . 100xQ

ysisur | ==X [F, (0.31536 x Vv x Cyvg % Dywv,) % (Dydp, % Dywpe) X (1 & F,)]
Y ZB/SJrr xBD

Description

These equations calculate average air deposition occurring over the exposure duration as aresult of wet and dry
deposition of particles onto soil, deposition of wet vapors to soil and diffusion of dry vaporsto soil.
Contaminants are assumed to be incorporated only to afinite depth (the mixing depth, Z). The air deposition
rates (per unit area) for the buffer and surrounding areas are assumed to be the same as the air deposition rates
(per unit area) to thefield.

Parameter Definition Input Value
Dsy sisurr Deposition term for buffer and surrounding
areas (mg/kg-yr)
100 Units conversion factor ([mg-n]/[kg-cn¥])
Q Source emissions (g/sec) Waste mgt. scenario-specific
h Zejsur Soil mixing depth of buffer and surrounding
z areas - untilled (cm) 25
m BD Soil bulk density (g/cn) 14
z F, Fraction of air concentration in vapor phase Chemical-specific
(dimensionless) (see Appendix A)
: 0.31536 Units conversion factor (m-g-s/cm-pg-yr)
o Vav: Dry deposition velocity for field (cm/s) 3
Cyve Normalized vapor phase air concentration Modeled
a for field
(Mg-s/g-nT)
Dywve Normalized yearly wet deposition from Modeled
> vapor phase for field (s/n?-yr)
Dydpe Normalized yearly dry deposition from Modeled
: particle phase for field (s/mé-yr)
u Dywp: Normalized yearly wet deposition from Modeled
(a4 particle phase for field (§/nP-yr)
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Table E-1.15. Constituent L oss Constant

All Exposur e Scenarios
ksB/Surr " ksl B/Surr% kseB/SJrr % I(SrB/S.lrr % I(SgB/surr % kSVB/SJrr
Parameter Definition Central Tendency High End

KSg/surr Constituent loss constant due to all

processes for the buffer and surrounding

areas (1/yr)
ksl g/sur Constituent loss constant due to leaching Calculated

(Lyr) (see Table E-1.16.)
KSes/surr Constituent loss constant due to soil Calculated

erosion (1/yr) (see Table E-1.19.)
KSrg/sur Constituent loss constant due to surface Calculated

runoff (1/yr) (see Table E-1.21.)
ksg- Constituent loss constant due to NA

degradation (1/yr)
KSVi/sure Constituent loss constant due to Calculated

volatilization (1/yr) (see Table E-1.22.)

Description

This equation cal cul ates the constitutent loss constant, which accounts for the loss of constituent from soil by
several mechanisms.
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Table E-1.16. Constituent L oss Constant Dueto L eaching

All Exposur e Scenarios

o - P% & R& E,
BT 2% Z,g, X [1.0% (BD x Kd_/2)]

Parameter Definition Central Tendency High End

ksl g/sur Constituent loss constant for buffer and
surrounding area due to leaching (1/yr)

This equation cal culates the constituent loss constant due to leaching from soil.

I P Average annual precipitation (cm/yr) Met Specific
z (See Table 2-1 of Report)
m I Average annud irrigation (cm/yr) 0
z R Average annua runoff (cm/yr) Met Specific
: (See Table 2-1 of Report)
u E, Average annual evapotranspiration Met Specific
(cmlyr) (See Table 2-1 of Report)
g 2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zejsurr Soil depth of buffer and surrounding area
m from which leaching removal occurs - 25
untilled (cm)
: BD Soil bulk density (g/cn?® 14
i y (g/cnT)
I Kd, Soil-water partition coefficient (cm?/g) Chemical-specific
u (see Appendix A)
z Description
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TableE-1.17. Soil Volumetric Water Content

All Exposure Scenarios
1
2+ 2} 4|3
S| }(S
Parameter Definition Central Tendency High End
2 Soil volumetric water content (mL/cn)
2 Soil saturated volumetric water content 0.43
(mL/cn?)
q Average annual recharge rate (cm/yr) Calculated
(see Table E-1.18))
K, Saturated hydraulic conductivity (cm/yr) 9110
b Soil-specific exponent representing water 54
retention (unitless)

Source: SEAM.
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Table E-1.18. Average Annual Recharge

All Exposure Scenarios

q" P%I&E&R

Parameter Definition Central Tendency High End
q Average annual recharge rate (cm/yr)
P Average annual precipitation (cm/yr) Met Specific
(See Table 2-1 of Report)
I Average annual irrigation (cm/yr) 0
E, Average annual evapotranspiration (cm/yr) Met Specific

(See Table 2-1 of Report)

Ry Average annual runoff (cm/yr) Met Specific
(See Table 2-1 of Report)

Source: SEAM.
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Table E-1.19. Constituent L oss Constant Dueto Erosion

All Exposur e Scenarios

A
0
0.1 X ER X X gq, X[SDg % (1& SDSB)(W)] Kd, x BD
kseB/SJrr : X
BD X Zyq,, 2% (Kd, x BD)
Parameter Definition Central Tendency High End
kseysur | Constituent loss constant for buffer and Calculated
surrounding area due to soil erosion (1/yr)
Xepisur Unit soil loss for buffer and surrounding area Calculated (see Table E-1.20.)
(kg/nlyr)
2 Soil volumetric water content (mL/cnr) Calculated (see Table E-1.17.)
Zaisur Soil mixing depth for buffer and surrounding
area- untilled (cm) 25
BD Soil bulk density (g/cm®) 14
Kd, Soil-water partition coefficient (mL/g) Chemical-specific
(see Appendix A)
SDgs Sediment delivery ratio for the sub-basin Calculated (see Table E-1.4).
(unitless)
ER Constituent enrichment ratio (unitless) Metals- 1
Ar Areaof off-site location (nv) Ag. Field = 902,450
Residential plot or home garden = 5,100
Ag/sur Buffer and surrounding areas (n) Calculated
(SeeTableE-1.5)
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Table E-1.20. Universal Soil L oss Equation (USLE) for Buffer and Surrounding Areas

All Exposur e Scenarios
- 907.18
Xe,B/SJrr RB/SJrr X KB/SJrr X LSB/SJrr X CB/SJrr X PB/S.Jrr X
4047
Parameter Definition Central Tendency High End

Xepisur Unit soil loss for buffer and surrounding area

(kg/m? -yr)
Re/surr USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)

Ke/sur USLE erodibility factor (ton/acre) 0.3
LSy/sur USL E length-slope factor (unitless) 15
Cassur USLE cover factor (unitless) 0.1
Pes/sur USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (mé/acre)

Description

Thisequation is used to calculate the soil loss rate from the buffer and surrounding area using the Universa
Soil Loss Equation; the result is used in the soil erosion load equation.
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TableE-1.21. Constituent L oss Constant Due to Runoff

All Exposure Scenarios

ksr - R X 1
BT 92X Zye,, | 1% (Kd x BD/2)

Parameter Definition Central Tendency High End

KSrg/surr Constituent loss constant for buffer and
surrounding area due to runoff (1/yr)

R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.))
Zejsurr Soil mixing depth of buffer and 25
surrounding area- untilled (cm)
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific
(see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.
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TableE-1.22. Constituent L oss Constant Dueto Volatilization

All Exposur e Scenarios

; 80.67 T AB &0.11
S, [ 31536x107xH ]X 480 x 107 ) _Ma . Jure
[Zosaurr X K X RX T BD | D,xD, B

Parameter Definition Central Tendency High End

KSVi/gurr Constituent loss constant for buffer and
surrounding area due to volatilization (1/yr)

3.1536x10’ Conversion constant (s/yr)

This equation calcul ates the constituent loss constant due to volatilization from soil.

Source: |EM.

h H Henry's law constant (atm-m?/mol) Chemical-specific
z (see Appendix A)
m Zejsurr Soil mixing depth of buffer and surrounding 25
z area- untilled (cm)
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific
: (see Appendix A)
u R Universal gas constant (atm-nv/mol-K) 8.205x10°
o T Ambient air temperature (K) Met Specific
(] (See Table 2-1 of Report)
m BD Soil bulk density (g/cn) 14
> u Average annua windspeed (m/s) Met Specific
See Table 2-1 of Report
(- ( eport)
I o Viscosity of air (g/cm-s) 1.81x10*
u D, Density of air (g/cn) 1.2x103
“ D. Diffusivity of constituent in air (cm?/s) Chemical-specific
4 (see Appendix A)
Ag/sur Surface area of buffer and surrounding area Calculated
ﬂ () (sce Table E-15))
n Description
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Table E-1.23. Mass of Soil in Mixing Depth of Buffer and Surrounding Areas

All Exposur e Scenarios

Iv'B/S.lrr : ZB/Surr X AB/Surr x BD x 10

Parameter Definition Central Tendency High End

Mg/sur Mass of soil in mixing depth of buffer and
surrounding area (kg)

Zejsurr Soil mixing depth for buffer and 25
surrounding area- untilled (cm)
Ag/sur Areaof buffer and surrounding areas (nv) Caculated
(see Table E-1.5.)
BD Soil bulk density (g/cn) 14
10 Units conversion factor
Description

Thisequation is used to calculate the total mass of soil in the buffer and surrounding areas that will be mixing
with the mass of eroded material.
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Table E-1.24. Deposition Rate Factor to Residential Plot from Sour ce

Adult Resident Exposure Scenario

Description

These equations calculate average air deposition occurring over the exposure duration as aresult of wet and dry
deposition of particles onto soil, deposition of wet vaporsto soil, and diffusion of dry vaporsto soil.
Contaminants are assumed to be incorporated only to afinite depth (the mixing depth, Z).

Dsyyr " ;S?(—XI;SX [F, (0.31536 x Vdv, x Cyv % Dywv,) % (Dydp: % Dywpg) x (1& F,)]
Parameter Definition Input Value
Dsyyr Deposition term for residental plot -
Adult Resident (mg/kg-yr)
100 Units conversion factor
([mg-n]/[kg-cn?])
h Q Source emissions (g/n’-s) Waste mgt. scenario-specific
z Ze Soil mixing depth of residential plot
Ll - untilled (cm) 2.5
z BD Soil bulk density (g/cn) 14
: F, Fraction of air concentration in vapor Chemical-specific
u phase (dimensionless) (see Appendix A)
o 0.31536 Units conversion factor (m-g-s/cm-jg-
Q a
Vav: Dry deposition velocity for field (cm/s) 3
L Cyve Normalized vapor phase air Modeled
> concentration for field
(Fmg-s/g-m)
-
: Dywve Normalized yearly wet deposition from Modeled
u vapor phase for field (syr)
z Dydpe Normalized yearly dry deposition from Modeled
particle phase for field (s/yr)
4 Dywp: Normalized yearly wet deposition from Modeled
ﬁ particle phase for field (s/yr)
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Table E-1.25. Constituent L oss Constant

Adult Resident Exposure Scenario

ks, ™ ksl % kse_ % ksr % ksg, % ksvg

Parameter Definition Central Tendency High End
ksy Constituent loss constant due to all
processes from resident plot - Adult
Resident (1/yr)
kslg Constituent loss due to leaching (1/yr) Calculated
(see Table E-1.26.)
kseg Constituent loss due to soil erosion Calculated
(Lyr) (see Table E-1.27.)
ksrg Constituent loss due to surface runoff Calculated
(1tyr) (see Table E-1.30.)
Ksgr Constituent loss due to degradation (1/yr) NA
kswk Constituent loss due to volatilization Calculated
(Lyr) (seeTable E-.31..)
Description

This equation cal cul ates the constituent loss constant, which accounts for the loss of constituent from soil by
several mechanisms.
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Table E-1.26. Constituent L oss Constant Dueto L eaching

Adult Resident Exposure Scenario

P% 1& R& E,

ksl
2 X Zy X [1.0% (BD x Kd /2)]

Parameter Definition Central Tendency High End
kdlg Constituent loss residential plot dueto
leaching - Adult Resident (1/yr)
P Average annual precipitation (cm/yr) Met Specific
(See Table 2-1 of Report)
I Average annud irrigation (cm/yr) 0
R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
E, Average annual evapotranspiration (cm/yr) Met Specific
(See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated
(see Table E-1.17.)
Zr Soil depth for residential plot which
leaching removal occurs - untilled (cm) 25
BD Soil bulk density (g/cn) 14
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific

(see Appendix A)

Description

This equation cal cul ates the constituent |oss constant to leaching from soil.
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Table E-1.27. Constituent Loss Constant Dueto Erosion

Adult Resident Exposure Scenario

Py
0.1x ERXx X .X[SDg, % (1& SD ) (——7—
. o X[ (12 Dg)lo— ) d, x BD
se
R BD x Z, 2% (Kd, x BD)
Parameter Definition Central Tendency High End

kseg Constituent loss constant due to

erosion for residential plot - Adult

Resident (1/yr)
Xer Unit soil loss from the residential plot Calculated

(kg/mélyr) (see Table E-1.28.)
Dy Sediment delivery ratio for sub-basin Calculated

(unitless) (see Table E-1.4.)
ER Contaminant enrichment ratio Metals=1

(unitless)
BD Soil bulk density (g/cn) 14
Ze Soil mixing depth of residential plot - 25

untilled (cm)
Kd, Soil-water partition coefficient Chemical-specific

(cm’lg) (see Appendix A)
2 Soil volumetric water content Cdlculated (see Table E-1.17.)

(mL/cn?)
Ac Areaof residential plot (m2) Residential plot = 5,100
Agr Buffer area between residential plot Cadlculated

and waterbody () (see Table E-1.29..)

Description

This equation calculates the constituent 1oss constant due to runoff from soil.
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Table E-1.28. Universal Soil L oss Equation (USLE) for Residential Plot

Adult Resident Exposure Scenario
Xer - Re X Kg X LS; X Cg X Pg X 9;;4178
Parameter Definition Central Tendency High End

Xer Unit soil loss from the residential plot

(kg/nt -yr)
R USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)

Kg USLE erodibility factor (ton/acre) 0.3
LS; USL E length-slope factor (unitless) 15
Cr USLE cover factor (unitless) 0.1
Ps USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (mé/acre)

Description

Thisequation is used to calculate the soil loss rate from the residential plot using the Universal Soil Loss
Equation.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

E-28




Table E-1.29. Area of Buffer Between Field and Water body

All Exposur e Scenarios

A "0 it JAs#d, % A

A " A X (A& d, & A) if (AS>d, % /A

Parameter Definition Central Tendency High End
Agr Areaof buffer between field and
waterbody ()
A Areaof field (n?) Ag. Field = 902,450
Residential plot or home garden = 5,100
As Areaof source (n?) Waste management scenario-specific
d, Distance between source and field (side- 300 75

length of buffer area) (m)
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Table E-1.30. Constituent L oss Constant Due to Runoff

Adult Resident Exposure Scenario

- R 1
Ksr, X
2xZ, { 1% (KdeBD/Z))

Parameter Definition Central Tendency High End

ksrg Constituent loss constant due to runoff

for residential plot - Adult Resident

(Lyr)
R Average annua runoff (cm/yr) Met Specific

(See Table 2-1 of Report)

2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zr Soil mixing depth of residential plot - 25

untilled (cm)
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific

(see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.
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Table E-1.31. Constituent Loss Constant Dueto Volatilization

Adult Resident Exposure Scenario

80.67 &0.11

7

S/ [ 3.fjﬁx;0 TX HBD X .482xu°'78xE—D “aD } x{ 4)I;A}
[Zex Kd, x Rx Tx  xD,

This equation calcul ates the constituent loss constant due to volatilization from soil.

Parameter Definition Central Tendency High End
ksvk Constituent loss constant due to
volatilization from residential plot - Adult
Resident (1/yr)
3.1536x10’ Conversion constant (s/yr)
I H Henry's law constant (atm-m?/mol) Chemical-specific
z (see Appendix A)
Ll Zq Soil mixing depth of residential plot
z - untilled (cm) 25
’ Kd, Soil-water partition coefficient (cm®/g) Chemical-specific
u (see Appendix A)
o R Universal gas constant (atm-m?/mol-K) 8.205x10°
T Ambient air temperature (K) Met Specific
a (See Table 2-1 of Report)
m BD Soil bulk density (g/cn) 14
> u Average annual windspeed (m/s) Met Specific
(See Table 2-1 of Report)
: VR Viscosity of air (g/cm-s) 1.81x10*
u D, Density of air (g/cn?) 1.2x10°
z D. Diffusivity of constituent in air (cmé/s) Chemical-specific
(see Appendix A)
4 A Areaof residentia plot (nv) 5,100
ﬁ Description
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TableE-1.32. Massof Soil in Mixing Depth of Residential Plot

Adult Resident Exposure Scenario

MR'ZRXAFXBDxlo

Parameter Definition Central Tendency High End
Mg Mass of soil in mixing depth of residential
plot - Adult Resident (kg)
Zg Soil mixing depth for residential plot - 25
untilled (cm)
A Areaof residential plot (n?) 5,100
BD Soil bulk density (g/cn) 14
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the residential plot that will be mixing with the mass
of eroded material.

E-32




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table E-2.1. Concentration In Home Garden Dueto Erosion

Home Gar dener Exposure Scenario

c - S, xCy xER % Sy X Gy XER % Ds(l)’HG
" kse X Mg ks, X My ks g
Parameter Definition Central Tendency High End

Cus Constituent concentration at home garden
(mg/kg)

SLor Soil load delivered to off-site location for Cdlculated (see Table E-1.2.)
material originating in source area (kg/yr)

Sler Soil load delivered to off-site location for Cdlculated (see Table E-1.7.)
materia originating in buffer area (kg/yr)

Cassur Constituent concentration in buffer and Calculated (see Table E-1.11)
surrounding areas (mg/kg)

Dsyy e Deposition term for the home garden Calculated (see Table E-2.9.)
(mg/kg.yr)

G Source constituent concentration (mg/kg) Chemical-specific

KSia Constituent loss constant from the home Calculated (see Table E-2.2.)
garden (1/yr)

ER Constituent enrichment ratio (unitless) metals=1

Mug Mass of soil in mixing depth of home garden Calculated (see Table E-2.8.)
(kg)

Description

Thisequation is used to calculate the mass of constituent deposited onto either the home garden as aresult of
erosion from the source.
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Table E-2.2. Constituent L oss Constant

Home Gar dener Exposure Scenario

ks, ™ Kksl,g % kse,; % ksr,. % ksg,; % Ksv,.

Parameter Definition Central Tendency High End

KSug Constituent soil loss constant dueto all
processes from home garden (1/yr)

ks Constituent loss constant due to leaching Calculated (see Table E-2.3.)
(Lyr)
kses Constituent loss constant due to soil Calculated (see Table E-2.4)

erosion (1/yr)

kSl Constituent loss constant due to surface Calculated (see Table E-2.6.)
runoff (1/yr)

KSGQc Constituent loss constant due to NA
degradation (1/yr)
KSVig Constituent loss constant due to Calculated (see Table E-2.7.)

volatilization (1/yr)

Description

This equation cal cul ates the constituent loss constant, which accounts for the loss of constituent from soil by
several mechanisms.
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Table E-2.3. Constituent L oss Constant Dueto L eaching

Home Gar dener Exposure Scenario

o - P%1& R&E,
"6 2xZ,,x[1.0% (BD x Kd_/2)]
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Parameter Definition Central Tendency High End
ksl Constituent loss constant due to leaching
for home gardener (1/yr)
P Average annual precipitation (cm/yr) Met Specific
(See Table 2-1 of Report)
I Average annud irrigation (cm/yr) 0
R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
E, Average annua evapotranspiration Met Specific
(cmlyr) (See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zis Soil depth of home garden from which 15
leaching removal occurs—tilled (cm)
BD Soil bulk density (g/cn) 14
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific
(see Appendix A)

Description

This equation cal culates the constituent loss constant due to leaching from soil.
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Table E-2.4. Constituent L oss Constant Dueto Erosion

Home Gar dener Exposure Scenario
0.1 X ERX X, X[SDg; % (1&SDg, )(L)]
‘ . & A% A Kd, x BD
se,
He BD X Z,, 2% (Kd_ x BD)
Parameter Definition Central Tendency High End
kseys Constituent loss constant due to
erosion for home gardener (1/yr)
XeHe Unit soil loss from the home garden Calculated (see Table E-2.5.)
(kg/mélyr)
h Dgg Sediment delivery ratio for sub-basin Cdlculated (see Table E-1.4.)
z (unitless)
m ER Constituent enrichment ratio Metals=1
z (unitless)
: BD Soil bulk density (g/cn) 1.4
u. Zic Soil mixing depth of home garden — 15
tilled (cm)
o Kd, Soil-water partition coefficient Chemical-specific (see Appendix A)
a (cm*/g)
m 2 Soil volumetric water content Cdlculated (see Table E-1.17.)
(mL/cn?)
: A Areaof home garden 5,100
— F g
I Age Buffer area between home garden and Calculated (see Table E-1.29.)
u waterbody (n")
“ Description
q This equation calculates the constituent 10ss constant due to runoff from soil.
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Table E-2.5. Universal Soil L oss Equation (USLE) for Home Gar den

Home Gar dener Exposure Scenario

. 907.18
XE,HG RFHG X KHG X LS‘{G X CHG X PHG X 4047
Parameter Definition Central Tendency High End

XeHe Unit soil loss from home garden

(kg/nlyr)
RFc USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)

Kus USLE erodibility factor (ton/acre) 0.3
LS USLE length-slope factor (unitless) 15
Cuc USLE cover management factor 0.15

(unitless)
Puc USL E supporting practice factor 1

(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (mf/acre)

Description

This equation is used to calcul ate the soil loss rate from the home garden using the Universal Soil Loss

Equation.
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Table E-2.6. Constituent L oss Constant Due to Runoff

Home Gardener Exposure Scenario

- R l
kst s X
2XZ, {1% (KdeBDIZ))

Parameter Definition Central Tendency High End

Ksre Constituent loss constant due to runoff
for home gardener (1/yr)

R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zis Soil mixing depth of home garden —tilled 15
(cm)
Kd, Soil-water partition coefficient (cm®*/g) Chemical-specific (see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.
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Table E-2.7. Constituent L oss Constant Dueto Volatilization

Home Gar dener Exposure Scenario

7
c, =+ | 31536x107 xH }X .482xu°'78x{

" |Zs XK xRXTXBD

80.67 &0.11
Ha « 4xA
D,xD, B

Parameter Definition Central Tendency High End
KSVi Constituent loss constant due to
volatilization for home gardener (1/yr)
3.1536x10’ Conversion constant (s/yr)
H Henry's law constant (atm-m?/mol) Chemical-specific (see Appendix A)
Zis Soil mixing depth of home garden —tilled 15
(cm)
Kd, Soil-water partition coefficient (cm*/g) Chemical-specific (see Appendix A)
R Universal gas constant (atm-nv/mol-K) 8.205x10°
T Ambient air temperature (K) Met Specific
(See Table 2-1 of Report)
BD Soil bulk density (g/cn) 14
u Average annua windspeed (m/s) Met Specific
(See Table 2-1 of Report)
o Viscosity of air (g/cm-s) 1.81x10*
D, Density of air (g/cn) 1.2x103
D. Diffusivity of constituent in air (cnv/s) Chemical-specific (see Appendix A)
A Area of home garden () 5,100

Description

This equation calcul ates the constituent loss constant due to volatilization from soil.
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Table E-2.8. Massof Soil in Mixing Depth of Home Garden

Home Gardener Exposure Scenario

My © Zye X A- x BD x 10

Parameter Definition Central Tendency High End

Mug Mass of soil in mixing depth of home

garden (kg)
Zic Soil mixing depth for home garden —tilled 15

(cm)
A Areaof home garden (") 5,100
BD Soil bulk density (g/cn) 14
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the home garden that will be mixing with the mass of
eroded material.
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Table E-2.9. Deposition Rate Factor to Home Gar den from Sour ce

Home Gardener Exposure Scenario
« 100xQ 0 0 0
DSy He m X [F, (0.31536 x Vdv,,; XCyv,, % Dywv,,5) % (Dydp,,g % Dywp,s) X(1& F,)]
G
Parameter Definition Input Value
Dsgy e Deposition term for home garden
(mg/kg-yr)

100 Units conversion factor
I ([mg-n]/[kg-cn?])

Q Source emissions (g/sec) Waste mgt. scenario-specific
z Zic Soil mixing depth of home garden —tilled 15
T (om
z BD Soil bulk density (g/cn) 14

F, Fraction of air concentration in vapor Chemical-specific (see Appendix A)
: phase (dimensionless)
u 0.31536 Units conversion factor
o (m-g-s’cm-ug-yr)

Vg Dry deposition velocity for home garden 3
n (cm/s)

CyVie Normalized vapor phase air concentration Modeled
m for home garden (ug-s/g-nv)
> DywViyg Normalized yearly wet deposition from Modeled

vapor phase for home garden (s/n?-yr)

Dydpis Normalized yearly dry deposition from Modeled
: particle phase for home garden (s/n?-yr)
u Dywp,ig Normalized yearly wet deposition from Modeled
z particle phase for home garden (s/n?-yr)
4 Description

These equations calculate average air deposition occurring over the exposure duration as aresult of wet and dry
ﬁ deposition of particles onto soil, deposition of wet vaporsto soil, and diffusion of dry vaporsto soil.

Constituents are assumed to be incorporated only to afinite depth (the mixing depth, Z).

E-41




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table E-2.10. Aboveground Produce Concentration Due to Direct Deposition

Home Gardener Scenario

HG

. 1000x Qx(1&F,)x[Dydp,;% (Fw x Dywp,,;)] x Rp x [(1.0 & exp(&kp x Tp)]

Yp x kp

Parameter

Definition

Central Tendency High End

Pd.c

Concentration in plant due to direct
deposition (mg/kg) - Home Gardener

1000

Units conversion factor (mg/g)

Emissions (Q)

Waste mgt. scenario-specific

Fraction of air concentration in vapor
phase (dimensionless)

Chemical-specific (see Appendix A)

Dydpc

Normalized yearly dry deposition from
particle phase (s/n?-yr)

Modeled

Fw

Fraction of wet deposition that adheresto
plant (dimensionless)

Chemical-specific (see Appendix A)

Dywp,.c

Y early particle phase wet deposition rate
(g/mPlyr)

Modeled

Rp

I nterception fraction of edible portion of
plant (dimensionless)

- aboveground vegetable

- forage

0.3
0.5

kp

Plant surface loss coefficient (1/yr)

18

Tp

Length of plant exposure to deposition of
edible portion of plant, per harvest (yrs)
- grain, root vegetable and
aboveground vegetable
- forage

0.16

0.12

Yp

Yield or standing crop biomass of the
edible portion of the plant (kg DW/n¥)
- aboveground vegetable
- forage

0.24

Description

This equation cal culates the constituent concentration in aboveground vegetation due to wet and dry deposition

of constituent on the plant surface.
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Table E-2.11. Aboveground Produce Concentration Dueto Air-to-Plant Transfer

Home Gardener Scenario

Cyv,c X Bv X VGag
D

a

Pv " QxFVx

Parameter Definition Input Value

Pviig Concentration of constituent in the plant due to air-to-plant
transfer (mg/kg) - Home Gardener

Q Emissions (g) Waste mgt. scenario-

specific

F, Fraction of air concentration in vapor phase Chemical-specific
(dimensionless) (see Appendix A)

CyVie Normalized vapor phase air concentration Modeled
(Mg-sec/g-n) (see Appendix D)

Bv Air-to-plant biotransfer factor Chemical-specific
([mg constituent/kg plant tissue DW]/[ug constituent/g air]) (see Appendix A)

VG, Empirical correction factor for above-ground produce 0.01
(dimensionless)

D, Density of air (g/cn?) 1.2x 103

Description

This equation cal culates the constituent concentration in aboveground vegetation due to direct uptake of vapor
phase chemicalsinto the plant leaves.
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Table E-2.12. Aboveground Produce Concentration Dueto Root Uptake

Home Gardener Scenario

Proc " Cys X Br

Parameter Definition Central Tendency High End
Pryg Concentration of constituent in the plant due to
direct uptake from soil (mg/kg) - Home
Gardener
Cus Average soil concentration of constituent over Calculated
exposure duration (mg/kg) (seeTable E-2.1.)
Br Plant-soil bioconcentration factor for Chemical-specific
aboveground produce [ug/g DW]/[ug/g soil] (see Appendix A)
Description

This equation calcul ates the constituent concentration in aboveground vegetation due to direct uptake of
chemicalsfrom soil.
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Table E-2.13. Root Vegetable Concentration Dueto Root Uptake

Home Gardener Scenario
C.. X RCF
Prb HG ' =
9 Kd,
Parameter Definition Central Tendency High End

Prig He Concentration of constituent in belowground

plant parts due to root uptake (mg/kg) -
Home Gardener
Cuc Soil concentration of constituent (mg/kg) Calculated
(seeTable E-2.1)

RCF Ratio of concentration in roots to Chemical-specific
concentration in soil pore water ({[mg (see Appendix A)
constituent/kg plant tissue FW] / [Fg
constituent/mL pore water])

Kd, Soil-water partition coefficient (mL/g) Chemical-specific

(see Appendix A)
Description
This equation calculates the constituent concentration in root vegetables due to uptake from the soil water.
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Table E-3.1. Constituent Concentration In Agricultural Field Dueto Erosion

Farmer Exposure Scenario
c_ - S, xCy xER % Sy X Gy XER % Ds(l)’SF
SF
ks X Mg kS X M- ks
Parameter Definition Central Tendency High End
Cs Constituent concentration in agricultural field
(mg/kg)
SLor Soil load delivered to off-site location for Cdlculated (see Table E-1.2.)
material originating in source area (kg/yr)
Sler Soil load delivered to off-site location for Cdlculated (see Table E-1.7.)
I materia originating in buffer area (kg/yr)
z Coysur Constituent concentration in buffer and Calculated (see Table E-1.11.)
surrounding areas (mg/kg)
Dsyy s Deposition term for the agricultural field Calculated (see Table E-3.9.)
z (mg/kg.yr)
:‘ G Source constituent concentration (mg/kg) Chemical-specific
u Ksge Constituent loss constant from the Cdlculated (see Table E-3.2.)
o agricultural field (L/yr)
n Mge Mass of soil in mixing depth of agricultural Calculated (see Table E-3.8.)
field (kg)
m ER Constituent enrichment ratio (unitless) metals=1
: Description
— D
: This equation is used to calculate the mass of constituent deposited onto the agricultural field as aresult of
u erosion from the source.
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Table E-3.2. Soil L oss Constant

Farmer Exposure Scenario

ks ™ ksl % kseg % ksrg % ksgg % ksvg

Parameter Definition Central Tendency High End

Ksee Constituent soil loss constant dueto all
processes from agricultural field (1/yr)

kslge Constituent loss constant due to leaching Calculated (see Table E-3.3.)
(Lyr)

ksese Constituent loss constant due to soil Calculated (see Table E-3.4)
erosion (1/yr)

Ksrge Constituent loss constant due to surface Calculated (see Table E-3.6.)
runoff (1/yr)

Ksgsr Constituent loss constant due to NA
degradation (1/yr)

KSVse Constituent loss constant due to Calculated (see Table E-3.7.)

volatilization (1/yr)

Description

This equation cal cul ates the constituent loss constant, which accounts for the loss of constituent from soil by

several mechanisms.

E-47




Table E-3.3. LossConstant dueto L eaching

Farmer Exposure Scenario

P%1& R&E,

ksl *
2xZ, x[1.0% (BD x Kd//2)]

Description

This equation cal culates the constituent loss constant due to leaching from soil.

E-48

Parameter Definition Central Tendency High End
ksl Constituent loss constant due to leaching
for agricultural field (1/yr)
I P Average annual precipitation (cm/yr) Met Specific
z (See Table 2-1 of Report)
m I Average annud irrigation (cm/yr) 0
z R Average annua runoff (cm/yr) Met Specific
: (See Table 2-1 of Report)
u E, Average annual evapotranspiration Met Specific
(cmlyr) (See Table 2-1 of Report)
g 2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zse Soil depth of agricultural field from 15
m which leaching removal occurs—tilled
> (cm)
BD Soil bulk density (g/cn?® 14
i y (g/cnT)
I Kd, Soil-water partition coefficient (cm?/g) Chemical-specific
u (see Appendix A)




Table E-3.4. Constituent L oss Constant Dueto Erosion

Farmer Exposure Scenario

Description

This equation calculates the constituent 10ss constant due to runoff from soil.

E-49

A
01 xXERX X o X[SD,% (1& D, (——
. o X[ (18 Deg N d, x BD
se
& BD x Z 2% (Kd_ x BD)
Parameter Definition Central Tendency High End
kseqe Constituent loss constant due to
erosion for agricultural field (1/yr)
Xesr Unit soil loss from the agricultural Calculated (see Table E-3.5.)
field (kg/nlyr)
h Dgg Sediment delivery ratio for sub-basin Cdlculated (see Table E-1.4.)
z (unitless)
m ER Constituent enrichment ratio Metals=1
z (unitless)
: BD Soil bulk density (g/cn) 14
u. s Soil mixing depth of agricultural 15
field—tilled (cm)
o Kd, Soil-water partition coefficient Chemical-specific (see Appendix A)
a (cmg)
m 2 Soil volumetric water content Cdlculated (see Table E-1.17.)
(mL/cn?)
: A Areaof agricultural field (n? 902,450
(= F g ()
I Age Buffer area between agricultural field Calculated (see Table E-1.29.)
u and waterbody ()




Table E-3.5. Universal Soil Loss Equation (USLE) for Agricultural Field

Farmer Exposure Scenario
X ¢ " RFg X Kg X LSy X Cg X Pg X 92;1178
Parameter Definition Central Tendency High End

Xesr Unit soil loss from the agricultural field

(kg/mlyr)
RF¢ USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)

Kse USLE erodibility factor (ton/acre) 0.3
LS USLE length-slope factor (unitless) 15
Csr USLE cover management factor 0.15

(unitless)
Pse USL E supporting practice factor 1

(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (mf/acre)

Description

This equation is used to calculate the soil loss rate from the agricultural field using the Universal Soil Loss
Equation.
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Table E-3.6. Constituent L oss Constant Due to Runoff

Farmer Exposure Scenario

« R 1
Ksro X
2xZy | 1% (Kd,xBD/2)
Parameter Definition Central Tendency High End
Ksree Constituent loss constant due to runoff

from agricultural field (1/yr)

R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zse Soil mixing depth of agricultural field— 15
tilled (cm)
Kd, Soil-water partition coefficient (cm*/g) Chemical-specific (see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.
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Table E-3.7. Constituent L oss Constant Dueto Volatilization

Farmer Exposure Scenario

ksv.

.[ 31536x107xH
¥ [Ze xKd X RXTXBD

}x 482 xu®™® x{

80.67 &0.11
Ha o 1AXA
D,xD, B

Parameter Definition Central Tendency High End
ksvse Constituent loss constant due to
volatilization for agricultural field (1/yr)
3.1536x10’ Conversion constant (s/yr)
H Henry's law constant (atm-m?/mol) Chemical-specific (see Appendix A)
Zse Soil mixing depth of agricultura field (cm) 15
Kd, Soil-water partition coefficient (cm*/g) Chemical-specific (see Appendix A)
R Universal gas constant (atm-nv/mol-K) 8.205x10°
T Ambient air temperature (K) Met Specific
(See Table 2-1 of Report)
BD Soil bulk density (g/cn) 14
u Average annua windspeed (m/s) Met Specific
(See Table 2-1 of Report)
o Viscosity of air (g/cm-s) 1.81x10*
D, Density of air (g/cn) 1.2x103
D. Diffusivity of constituent in air (cnv/s) Chemical-specific (see Appendix A)
A Areaof agricultural field (n?) 902,450

Description

This equation calcul ates the constituent loss constant due to volatilization from soil.
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Table E-3.8. Massof Soil in Mixing Depth of Agricultural Field

Farmer Exposure Scenario

Mg " Zg X A x BD x 10

Parameter Definition Central Tendency High End

Mgr Mass of soil in mixing depth of

agricultura field (kg)
Zse Soil mixing depth for agricultural field — 15

tilled (cm)
A Areaof agricultural field () 902,450
BD Soil bulk density (g/cn) 14
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the agricultural field that will be mixing with the
mass of eroded material.
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Table E-3.9. Deposition Rate Factor to Agricultural Field from Sour ce

E-54

Farmer Exposure Scenario
. 100xQ 0 0 0
Dsyy s m X [F, (0.31536 x Vdvg X Cyvg: % Dywvg) % (Dydpg % Dywpg ) X (1& F,)]
Parameter Definition Input Value
Dsy) s Deposition term for agricultural field
(mg/kg-yr)
100 Units conversion factor
I ([mg-n]/[kg-cn?])
Q Source emissions (g/sec) Waste mgt. scenario-specific
z e Soil mixing depth of agricultural field 15
W (om
z BD Soil bulk density (g/cn) 14
F, Fraction of air concentration in vapor Chemical-specific (see Appendix A)
: phase (dimensionless)
u 0.31536 Units conversion factor
o (m-g-s’cm-ug-yr)
Vdvge Dry deposition velocity for agricultural 3
a field (cm/s)
Cyvsr Normalized vapor phase air concentration Modeled
m for agricultural field
> (ug-s/g-n’)
Dywvge Normalized yearly wet deposition from Modeled
- vapor phase for agricultural field (s/n?-
: yr)
u Dydps: Normalized yearly dry deposition from Modeled
particle phase for agricultural field (s/m?-
o 4 )
4 Dywpse Normalized yearly wet deposition from Modeled
particle phase for agricultural field (s/m?-
ﬁ yr)
: Description
These equations calculate average air deposition occurring over the exposure duration as aresult of wet and dry
|J.| deposition of particles onto soil, deposition of wet vaporsto soil, and diffusion of dry vaporsto soil.
Constituents are assumed to be incorporated only to afinite depth (the mixing depth, Z).
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Table E-3.10. Aboveground Produce Concentration Dueto Direct Deposition

Farmer Exposure Scenario

Pd

. 1000 xQ x(1& F,)x [Dydpg% (Fwx Dywpg.)] x Rp x [(1.0 & exp(&kp x Tp)]

Yp x kp

Parameter

Definition

Central Tendency High End

Pds-

Concentration in plant due to direct
deposition (mg/kg) - Farmer

1000

Units conversion factor (mg/g)

Emissions (Q)

Waste mgt. scenario-specific

Fraction of air concentration in vapor
phase (dimensionless)

Chemical-specific (see Appendix A)

Dydpsr

Normalized yearly dry deposition from
particle phase (s/n?-yr)

Modeled

Fw

Fraction of wet deposition that adheresto
plant (dimensionless)

Chemical-specific (see Appendix A)

Dywpse

Y early particle phase wet deposition rate
(g/mPlyr)

Modeled

Rp

I nterception fraction of edible portion of
plant (dimensionless)

- aboveground vegetable

- forage

0.04
0.5

kp

Plant surface loss coefficient (1/yr)

18

Tp

Length of plant exposure to deposition of
edible portion of plant, per harvest (yrs)
- grain, root vegetable and
aboveground vegetable
- forage

0.16

0.12

Yp

Yield or standing crop biomass of the
edible portion of the plant (kg DW/n¥)
- aboveground vegetable
- forage

0.24

Description

This equation cal culates the constituent concentration in aboveground vegetation due to wet and dry deposition

of constituent on the plant surface.
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Table E-3.11. Aboveground Produce Concentration Dueto Air-to-Plant Transfer

Farmer Exposure Scenario

Cyvg X Bv x VGag

Pvge " QXF, X 5
a
Parameter Definition Input Value

Pvge Concentration of constituent in the plant dueto
air-to-plant transfer (mg/kg) - Farmer

Q Emissions (g) Waste mgt. scenario-specific

F, Fraction of air concentration in vapor phase Chemical-specific
(dimensionless) (see Appendix A)

Cyvsr Normalized vapor phase air concentration Modeled
(Mg-sec/g-nr)

Bv Air-to-plant biotransfer factor Chemical-specific
([mg constituent/kg plant tissue DW]/[jg constituent/g (see Appendix A)
ar])

VG, Empirical correction factor for above-ground produce 0.01
(dimensionless)

D, Density of air (g/cn?) 1.2x 10°

Description

This equation cal culates the constituent concentration in aboveground vegetation due to direct uptake of vapor
phase chemical into the plant leaves.
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Table E-3.12. Aboveground Produce Concentration Dueto Root Uptake

Farmer Exposure Scenario

Pr " Cq X Br
Parameter Definition Central Tendency High End
Pree Concentration of constituent in the plant due to

direct uptake from soil (mg/kg) - Farmer

Csr Average soil concentration of constituent over Calculated
exposure duration (mg/kg) (seeTable E-3.1.)
Br Plant-soil bioconcentration factor for Chemical-specific
aboveground produce [ug/g DW]/[ug/g soil] (see Appendix A)
Description

This equation calcul ates the constituent concentration in aboveground vegetation due to direct uptake of
chemicalsfrom soil.
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Table E-3.13. Root Vegetable Concentration Dueto Root Uptake

Farmer Exposure Scenario
C. X RCF
Proo " ————
o Kd,
Parameter Definition Central Tendency High End

Prog s Concentration of constituent in belowground

plant parts due to root uptake (mg/kg) -
Farmer
Cs Soil concentration of constituent (mg/kg) Calculated
(see Table E-3.1)

RCF Ratio of concentration in roots to Chemical-specific
concentration in soil pore water ({[mg (see Appendix A)
constituent/kg plant tissue FW] / [Fg
constituent/mL pore water])

Kd, Soil-water partition coefficient (mL/g) Chemical-specific

(see Appendix A)
Description
This equation calculates the constituent concentration in root vegetables due to uptake from the soil water.
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Table E-3.14. Beef Concentration Dueto Plant and Soil I ngestion

Farmer Scenario

A - FXQpxP% Qs xCy) X Ba,

Parameter Definition Central Tendency High End
Apes Concentration of constituent in beef
(mg/kg)
F Fraction of plant grown on contaminated 1

soil and eaten by the animal grain or forage
(dimensionless)

Qp Quantity of plant eaten by the animal each
day (kg plant tissue DW/day)
- beef cattle—grain 0.47
- beef cattle-forage 8.8
P Tota concentration of constituent in the Calculated (see TablesE-3.16, E-3.17, E-
plant eaten by the animal (mg/kg) = Pd + 3.18)
Pv + Pr
Qs Quantity of soil eaten by the foraging 0.5
animal (kg soil/day)
Cs Soil concentration (mg/kg) Calculated (see Table E-3.1)
B&es Biotransfer factor for beef (d/kg) Chemical-specific (see Appendix A)
Description

This equation cal cul ates the concentration of constituent in beef from ingestion of forage and soil.
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Table E-3.15. Milk Concentration Dueto Plant and Soil I ngestion

Farmer Scenario

A" FxQpxP% QsxCg)x Ba

milk

Parameter Definition Central Tendency High End
Atk Concentration of constituent in milk
(mg/kg)
F Fraction of plant grown on contaminated 1
soil and eaten by the animal grain or forage
(dimensionless)
Qp Quantity of plant eaten by the animal each
day (kg plant tissue DW/day)
- dairy cattle-grain 3
- dairy cattle-forage 13.2
P Total concentration of constituent in the Calculated (see Tables E-3.16., E-3.17., E-
plant eaten by the anima (mg/kg) = 3.18)
Pd+Pv +Pr
Qs Quantity of soil eaten by the foraging 0.4
animal (kg soil/day)
Cs Sail concentration (mg/kg) Calculated (see Table E-3.1.)
Baii Biotransfer factor for milk (day/kg) Chemical-specific (see Appendix A)

Description

This equation cal cul ates the concentration of constituent in milk from ingestion of forage and soil.
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Table E-3.16. Forage (Pasture Grass/Hay) Concentration Dueto Direct Deposition

Farmer Scenario
b - 1000 x Qx (1 & F )[Dydpg % (Fw x Dywp)] X Rp X [(1.0& exp(&kp x Tp)]
Yp x kp
Parameter Definition Central Tendency High End
Pd Concentration in plant due to direct deposition (mg/kg)
1000 Units conversion factor (mg/g)
Q Emissions (g/s) Waste mgt. scenario-specific
F, Fraction of constituent air concentration present in the Modeled
h vapor phase (dimensionless)
z Dydpgr Normalized yearly dry deposition from particle phase Modeled
(s/mP-yr)
m Fw Fraction of wet deposition that adheres to plant Chemical-specific
z surfaces (dimensionless) (see Appendix A)
: Dywpse Y early particle phase wet deposition rate (g/mvé/yr) Modeled
Rp Interception fraction of edible portion of plant
u (dimensionless)
o - aboveground vegetable 0.04
- forage 0.5
a kp Plant surface loss coefficient (1/yr) 18
m P Length of the plant exposure to deposition of edible
portion of plant per harvest (yrs)
> - grain, root vegetable and aboveground 0.16
—d vegetable 0.12
- forage
: Yp Yield or standing crop biomass of the edible portion of
(@) the plant (kg DW/n)
- above-ground vegetable 3
“ - forage 0.24
4 Description
ﬁ This equation cal cul ates the constituent concentration in aboveground vegetation due to wet and dry deposition
: of constituent on the plant surface.
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TableE-3.17. Forage (Pasture Grass/Hay) Concentration Dueto Air-to-Plant Transfer

Farmer Scenario

. Cwg X Bv x VG,

Pv
Da
Parameter Definition Central Tendency High End
Pv Concentration of constituent in the plant dueto
air-to-plant transfer (mg/kg)
Cyvse Vapor phase air concentration of constituent in Modeled
air due to direct emissions (g constituent/n)
Bv Air-to-plant biotransfer factor Chemical-specific (see Appendix A)
(Img congtituent/kg plant tissue DW]/[ug
[constituent/g air])
VG, Empirical correction factor that reduces 10

produce concentration because Bv was
developed for azalealeaves.

D, Density of air (g/cn?) 1.2x 103

Description

This equation cal cul ates the constituent concentration in aboveground vegetation due to direct uptake of vapor
phase chemicalsinto the plant leaves.
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Table E-3.18. Forage/Silage/Grain Concentration Dueto Root Uptake

Farmer Scenario

Pr = jCSF X Br,
I
Parameter Definition Input Value

Pr Concentration of constituent in the plant due to direct

uptake from soil (mg/kg)
Cs Average soil concentration of constituent over Calculated

exposure duration (mg/kg) (seeTableE-3.1.)
Br, Plant-soil bioconcentration factor plant speciesi Chemical-specific

(forage/silage/grain) [ug/g DW]/[ug/g soil]

(see Appendix A)

Description

This equation cal culates the constituent concentration in aboveground vegetation due to direct uptake of
constituents from soil.
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TableE-4.1. Watershed Constituent Concentr ation

All Exposur e Scenarios
c - Ds(l)WS
WS
KS,
Parameter Definition Central High End
Tendency
Cus Constituent concentration in watershed area
outside of sub-basin (mg/kg)
Dsyws Deposition term for the watershed (mg/kg-yr) Calculated (see Table E-4.2.)
ksws Constituent loss constant from the watershed Calculated (see Table E-4.3.)
(Lyr)
Description
This equation is used to calculate the mass of constituent deposited onto the watershed area outside of sub-
basin as aresult of air deposition.
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Table E-4.2. Deposition Rate Factor to Water shed from Sour ce

All Exposur e Scenarios

Description

These equations calculate average air deposition occurring over the exposure duration as aresult of wet and dry
deposition of particles onto soil, deposition of wet vaporsto soil, and diffusion of dry vaporsto soil.
Constituents are assumed to be incorporated only to afinite depth (the mixing depth, Z).

DS 1yue ™ _100xQ [F, (Vdv,s X Cyv,g X 10%%) % (Dydp,s % Dywp,o X (1& F,)]
Z,sxBD
Parameter Definition Central Tendency High End
Dsuyws Deposition rate factor for the watershed
(mg/kg-yr)
100 Units conversion factor ([mg-n"]/[kg-cn])
Q Source emissions (g/n’-s) Waste management scenario specific
Zys Soil mixing depth in general watershed area 25
z (cm)
m BD Soil bulk density (g/cnT) 14
z F, Fraction of air concentration in vapor phase Chemical specific
: (dimensionless) (see Appendix A)
u 10° Units conversion factor (g/1g)
o Vs Gas phase mass transfer to soil (m/yr) 31,500
a CyViys Normalized vapor phase air concentration for Modeled
watershed (Lg-/m-g)
> Dywwvyys Normalized yearly wet deposition from vapor Modeled
phase for watershed (s/yr)
-
: Dydpys Normalized yearly dry deposition from Modeled
particle phase for watershed (s/yr)
u Dywpys Normalized yearly wet deposition from Modeled
z particle phase for watershed (s/yr)
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Table E-4.3. Constituent L oss Constant

All Exposur e Scenarios

ks, ™ Ksl,g% ks % ksrc% ksg,g % Ksv,g

Parameter Definition Central Tendency High End

kSws Constituent loss constant due to all processes
from watershed (1/yr)

kslws Constituent loss constant for watershed due to Calculated (see Table E-4.4.)
leaching (1/yr)

ksews Constituent loss constant for watershed due to Calculated (see Table E-4.5.)
soil erosion (1/yr)

Ksrws Constituent loss constant for watershed due to Calculated (see Table E-4.8.)
surface runoff (1/yr)

Ksgws Constituent loss constant for watershed due to NA
degradation (1/yr)

KS\ys Constituent constant for watershed due to Calculated (see Table E-4.9.)

volatilization (1/yr)

Description

This equation cal cul ates the constituent loss constant, which accounts for the loss of constituent from soil by
several mechanisms.
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Table E-4.4. Constituent L oss Constant dueto L eaching

All Exposur e Scenarios

P% & R& E,

ksl,\s "
2X Z,xX[1.0% (BD x Kd /2)]
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Parameter Definition Central Tendency High End
kslws Constituent loss constant for watershed due to
leaching (1/yr)
P Average annual precipitation (cm/yr) Met Specific
(See Table 2-1 of Report)
I Average annud irrigation (cm/yr) 0
R Average annua runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
E, Average annual evapotranspiration (cm/yr) Met Specific
(See Table 2-1 of Report)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zys Soil depth for watershed from which leaching
removal occurs—untilled (cm) 25
BD Soil bulk density (g/cn) 14
Kd, Soil-water partition coefficient (cm?/g) Chemical specific
(see Appendix A)

Description

This equation cal culates the constituent 1oss constant due to leaching from soil.
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Table E-4.5. Constituent Loss Constant Dueto Erosion

All Exposur e Scenarios

.y O.lxXeyv\SxSDV\BxERXE Kd, x BD }

BD X Z,q 2% (Kd, x BD)

Parameter Definition Central Tendency High End
ksews Constituent loss constant due to erosion for
watershed (1/yr)
Xews Unit soil loss for watershed (kg/n¥/yr) Calculated (see Table E-4.6.)
SDys Sediment delivery ratio for watershed Calculated (see Table E-4.7.)
(unitless)
ER Constituent enrichment ratio (unitless) Metals=1
BD Soil bulk density (g/cn) 14
Zys Soil mixing depth in watershed — untilled (cm) 25
Kd, Soil-water partition coefficient (cm?/g) Chemical specific
(see Appendix A)
2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
0.1 Units conversion factor (g-n?)/(kg-cnv)

Description

This equation calcul ates the constituent 1oss constant due to runoff from soil.
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Table E-4.6. Universal Soil Loss Equation (USLE) for the Water shed

All Exposur e Scenarios
Xovs ~ Rag X Kyg X LS5 X Cyg X Pyg X 940;4178
Parameter Definition Central Tendency High End
Xews Unit soil loss from the watershed (kg/nv -yr)
Rws USLE rainfall factor (1/yr) Met Specific
(See Table 2-1 of Report)
Kws USLE erodibility factor (ton/acre) 0.3
LSys USL E length-slope factor (unitless) 15
Cuws USLE cover factor (unitless) 0.1
Pus USLE erosion control practice factor 1.0
(unitless)
907.18 Units conversion factor (kg/ton)
4,047 Units conversion factor (mé/acre)
Description
This equation is used to calculate the soil loss rate from the watershed using the Universal Soil Loss Equation.
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TableE-4.7. Sediment Delivery Ratio

Fisher Scenario

D, " ax (AR’

Parameter Definition Central Tendency High End
SDys Sediment delivery ratio for watershed
(unitless)
a Empirical intercept coefficient Depends on watershed area; seetable
below
Aws Watershed areareceiving fallout (m?) 2.93x 10°
b Empirical slope coefficient 0.125

Description

This equation calcul ates the sediment delivery ratio for the watershed.

Vauesfor Empirical Intercept Coefficient, a

Watershed o
area coefficient
(sg. miles) (unitless)
#0.1 21
1 19
10 14
100 12
1,000 0.6
1 sg. mile = 2.59x10° m?
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Table E-4.8. Constituent L oss Constant Due to Runoff

All Exposur e Scenarios

ksr R X 1
" 2xZ, | 1% (Kd, x BD/2)

Parameter Definition Central Tendency High End

Ksrws Constituent loss constant due to runoff for

watershed (1/yr)
R Average annua runoff (cm/yr) Met Specific

(See Table 2-1 of Report)

2 Soil volumetric water content (mL/cnt) Calculated (see Table E-1.17.)
Zys Soil mixing depth in watershed

—untilled (cm) 25
Kd, Soil-water partition coefficient (cm?/g) Chemical-specific

(see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.
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Table E-4.9. Constituent Loss Constant Dueto Volatilization

All Exposur e Scenarios
80.67 &0.11
7 4x
. [ 3.1536x107xH 1X 480 x 107 ) Ma . A
[Zysx Kd,x RX TXBD | D,xD, B
Parameter Definition Central Tendency High End
Ksviys Constituent loss constant due to
volatilization for watershed (1/yr)
3.1536x10’ Conversion constant (s/yr)
h H Henry's law constant (atm-m?¥mol) Chemical specific(see Appendix A)
z Zys Soil mixing depth in watershed — untilled
m (cm) 25
z Kd, Soil-water partition coefficient (cm?/g) Chemical specific
: (see Appendix A)
u R Universal gas constant (atm-nv/mol-K) 8.205x10°
o. T Ambient air temperature (K) Met Specific
: (See Table 2-1 of Report)
BD Soil bulk density (g/cn) 14
m u Average annua windspeed (m/s) Met Specific
:'_. (See Table 2-1 of Report)
= o Viscosity of air (g/cm-s) 1.81x10*
u D, Density of air (g/cn) 1.2x10°3
z D. Diffusivity of constituent in air (cmé/s) Chemical specific
(see Appendix A)
: Aws Total watershed surface area (nv) 2.93x10°
ﬁ Description
n This equation calcul ates the constituent loss constant due to volatilization from soil.
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Table E-4.10. Total Waterbody L oad

Fisher Scenario

L Lo % Lo % L % L% L

Parameter Definition Central Tendency High End

Lt Total constituent load to the waterbody (g/yr)

Loe Total (wet and dry) particle phase and wet Calculated (see Table E-4.11.)
vapor phase direct deposition load to
waterbody (g/yr)

L pis Vapor phase constituent diffusion (dry Calculated (see Table E-4.12.)
deposition) load to waterbody (g/yr)

Lri Runoff load from impervious surfaces (g/yr) Calculated (see Table E-4.16.)

Lg Runoff load from pervious surfaces (g/yr) Calculated (see Table E-4.17.)

Le Sail erosion load (g/yr) Calculated (see Table E-4.19.)

Description

This equation calculates the total average waterbody load from wet and dry vapor and particle deposition,
runoff, and erosion loads.
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TableE-4.11. Deposition to Waterbody

Fisher Scenario

LDep' QXx[F,x Dyww % (1& F, ) x Dytwp] x WA,

Parameter Definition Central Tendency High End
L pep Total (wet and dry) particle phase and wet
vapor phase direct deposition load to
waterbody (g/yr)
Q Source emissions (g/n-s) Waste management scenario-specific
F, Fraction of air in vapor phase Chemical specific
(dimensionless) (see Appendix A)
Dywwv Normalized yearly waterbody average wet Modeled
deposition from vapor phase (s/yr) (see Appendix D)
Dytwp Normalized yearly waterbody average Modeled
total (wet and dry) deposition from (see Appendix D)
particle phase (s/yr)
WA, Waterbody area (nv) 1.0x10°
Description

This equation calculates the average load to the waterbody from direct deposition of wet and dry particles and
wet vapors onto the surface of the waterbody.
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Table E-4.12. Diffusion L oad to Waterbody

E-75

Fisher Scenario
. K, X Q x F, X Cywv x WA x 10%°
Dif
H
RxT,
Parameter Definition Central Tendency High End
L pis Dry vapor phase constituent diffusion

|oad to waterbody (g/yr)
I K, Diffusive masstransfer coefficient Calculated (see Table E-4.13))
z (miyr)
m Q Source emissions (g/n’-s) Waste management scenario specific
z y Fraction of air concentration in vapor Chemical specific
: phase (dimensionless) (see Appendix A)
u Cywv Normalized yearly waterbody average Modeled

vapor phase air concentration (mg-s/g-m) (see Appendix D)
g WA, Waterbody surface area (n) 1.0x10°

10° Units conversion factor (g/1g)

m H Henry's law constant (atm-m?/mol) Chemical specific
:'..i (see Appendix A)
= R Universal gas constant (atm-m?/mol-K) 8.205x10°
u T, Waterbody temperature (K) 298
“ Description
4 This equation calculates the load to the waterbody due to vapor diffusion.




Table E-4.13. Overall Transfer Rate

Fisher Scenario

1
- &l H &l (T, &293)
KV L% KG X 2
RxT,

Parameter Definition Central Tendency High End

K, Overall transfer rate (m/yr)
K. Liquid phase transfer coefficient (m/yr) Calculated (see Table E-4.14.)
Kg Gas phase transfer coefficient (m/yr) Calculated (see Table E-4.15.)
H Henry's Law constant (atm-m?/mol) Chemical specific

(see Appendix A)
R Universal gas constant (atm-m?/mol-K) 8.205x 10°
Ty Waterbody temperature (K) 298
2 Temperature correction factor (unitless) 1.026

Description

This equation calculates the overall transfer rate of constituent from the liquid and gas phasesin surface water.
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Table E-4.14. Liquid Phase Transfer Coefficient

Fisher Scenario

- Flowing stream or river

- Quiescent lake or pond

10 x D, x u
d

z

x 3.15 x 10’

D 0.5 033
KL'(Cg'SxW)x L K X
Dw 82

w

&0.67
Hy x 3.15x10°
X DW

D, " 1& 88x10*° x (T, & 273)

Parameter Definition Central Tendency High End
K, Liquid phase transfer coefficient (m/yr)
D, Diffusivity of chemical in water (crm?/s) Chemical specific
(see Appendix A)

u Current velocity (m/s) 0.7

d, Total waterbody depth (m) Calculated (d,+d,)

Cq Drag coefficient (unitless) 0.0011

W Wind velocity, 10 m above water surface (m/s) Met Specific

(See Table 2-1 of Report)

Da Density of air corresponding to water 1.2x 103
temperature (g/cn)

Dy Density of water corresponding to water Calculated
temperature (g/cnr)

k von Karman's constant (unitless) 04

8, Dimensionless viscous sublayer thickness 4

My Viscosity of water corresponding to the water 1.69 x 10?
temperature (g/cm-s)

3.15x10’ Conversion constant (s/yr)

10* Units conversion factor (mé/cnr)

Tk Waterbody temperature (K) 298

Description

This equation calculates the transfer rate of constituent from the liquid phase for aflowing or quiescent

system.
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Table E-4.15. GasPhase Transfer Coefficient

Fisher Scenario

- Flowing stream or river
K. * 36500 miyr

G

- Quiescent lake or pond

&0.67
0.33
KG'(035xmox{k }x{ K } X 3.15x107

8, D, x D,

E-78

Parameter Definition Central Tendency High End
| Kg Gas phase transfer coefficient (m/yr)
z Cq Drag coefficient (unitless) 0.0011
m W Wind velocity, 10 m above water surface Met Specific
z (m/s) (See Table 2-1 of Report)
: k von Karman's constant (unitless) 04
u. 8, Dimensionless viscous sublayer thickness 4

(unitless)

o VR Viscosity of air corresponding to the air 1.81x 10*
a temperature (g/cm-s)
m Da Density of air corresponding to water 1.2x 103
: temperature (g/cn)
i D, Diffusivity of chemical in air (cn?/s) Chemical specific
: (see Appendix A)
u 3.15x10’ Conversion constant (syr)
z Description
q This equation calculates the transfer rate of constituent from the gas phase for aflowing or quiescent system.
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Table E-4.16. Impervious Runoff L oad to Water body

Fisher Scenario

L " QX [F,x Dyww % (1.0& F,) x Dytwp] x A

Parameter Definition Central Tendency High End
L Impervious surface runoff load (g/yr)
A Impervious watershed area receiving
pollutant deposition () 2.05x10°
Q Source emissions (g/n?-s) Waste mgt. scenario specific
Y Fraction of air concentration in vapor Chemical specific
phase (dimensionless) (see Appendix A)
Dywwv Normalized yearly watershed average Modeled
wet deposition from vapor phase (s/yr)
Dytwp Normalized yearly watershed average Modeled

total (wet and dry) deposition from
particle phase (s/yr)

Description

This equation cal cul ates the average runoff load to the waterbody from impervious surfaces in the watershed

from which runoff is conveyed directly to the waterbody.
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Table E-4.17. Pervious Runoff L oad to Water body

Fisher Scenario

L, ™ RX(Ag& A) X

—Cc X
2% Kd_x BD

0.01

Parameter Definition Central Tendency High End
Lg Pervious surface runoff load (g/yr)
R Average annual surface runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
S Weighted average constituent Calculated (see Table E-4.18.)
concentration in total watershed soils
(watershed and sub-basin) based on
surface area (mg/kg)
BD Soil bulk density (g/cn) 1.4
Kd, Soil-water partition coefficient (L/kg) Chemical specific
or (cm¥g) (see Appendix A)
Aws Total watershed area (n) 2.93x10°
A Impervious watershed area receiving
constituent deposition (n") 2.05x10°
0.01 Units conversion factor
(kg-cnm?/mg-n)
2 Volumetric soil water content Calculated (see Table E-1.17.)

(cm’¥cm?)

Description

This equation calcul ates the average runoff load to the waterbody from pervious soil surfaces in the watershed.

E-80




Table E-4.18. Constituent Concentration in Total Water shed Soils Based on Surface Area

All Exposur e Scenarios

S " ASXCO % A:XCR% AB/SJrr X CB/SJrr % (A\I\B& AS& AB/SJrr & AF) X C:V\G
C

A
Parameter Definition Central Tendency High End
S Weighted average constituent concentration in total
watershed soils (watershed and sub-basin soils) based
on surface area (mg/kg)
As Area of source (nv) Waste management scenario
specific
G Source constituent concentration (mg/kg) Chemical specific
A Areaof residential plot (m?) 5,100
Cr Constituent concentration in residential plot - Adult Calculated (see Table E-1.1.)
resident (mg/kg)
As/sur Areaof buffer and surrounding areas (n¥) Calculated (see Table E-1.5.)
Cassur Buffer and surrounding area constituent concentration Calculated (see Table E-1.11.)
(mg/kg)
Aus Areaof entire watershed (nv) 2.93x10°
Cuws Watershed constituent concentration (mg/kg) Calculated (see Table E-4.1.)
Description

This equation is used to cal culate the weighted average constituent concentration in the total watershed soils,
using the constituent concentration in the watershed soils and the constituent concentration in each of the areas
within the sub-basin (e.g., source, residential plot, and buffer and surrounding area).
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Table E-4.19. Erosion L oad to Water body

Fisher Scenario
L. " X (A,. & A ) x SD,. x ER Suan X Kd, X BD 0.001
X X X X = x 0.
e Yo X s & A e 2% Kd_x BD
Parameter Definition Central Tendency High End
Le Constituent load via soil erosion load
(glyr)
Xews Unit soil loss from the watershed Calculated (see Table E-4.6)
(kg/mélyr)
S il Weighted average total watershed soil Calculated (see Table E-4.20.)
h (watershed and sub-basin) concentration
z based on sediment transport (mg/kg)
m BD Soil bulk density (g/cn) 1.4
z 2 Volumetric soil water content (cm?/cm?®) Calculated (see Table E-1.17)
Kd, Soil-water partition coefficient (L/kg) or Chemical specific
- (cm¥g) (soe Appendix A)
u Aus Total watershed area (nv) 2.93x10°
o. A Impervious watershed area () 2.05x10°
a SDus Sediment delivery ratio for watershed Calculated (see Table E-4.7.)
(unitless)
m ER Sail enrichment ratio (unitless) Metals=1
> 0.001 Units conversion factor (g/mg)
= Description
: This equation cal culates the load to the waterbody from soil erosion.
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Table E-4.20. Weighted Average Soil Concentration Based on Eroded Soil Contributions

All Exposur e Scenarios
S .- LXE’S X AgX Cy X SDgg) % (X, gisurr X Agisurr X Crraurr X SDg) % (KXo g X Ax X CX SDSB;!
’ [ Xews X As X SDyg j
5 P& A Aygr & A) XCy
Aus
Parameter Definition Input Value
S sil Weighted average total watershed soil (watershed
and sub-basin) concentration based on eroded soil
transport (mg/kg)
Xes Unit soil loss from source (kg/mé/yr) Calculated (see Table E-1.3.)
h As Source area (") Waste management scenario specific
z G Source constituent concentration (mg/kg) Constituent specific
m SDgs Sediment delivery ratio for sub-basin (unitless) Calculated (see Table E-1.4.)
z Xepisur Unit soil loss from buffer and surrounding areas Calculated (see Table E-1.20.)
: (kg/mélyr)
u Agsur Buffer and surrounding areas (nr) Calculated (see Table E-1.5.)
Casur Buffer and surrounding areas constituent Calculated (see Table E-1.11.)
o concentration (mg/kg)
n Xer Unit soil lossfrom field (kg/mP/yr) Calculated (see Table E-1.28.)
m A Areaof residential plot () 5,100
Cr Constituent concentration in residential plot Calculated (see Table E-1.1.)
> (mg/kg)
= Xews Unit soil loss from the watershed (kg/nv/yr) Calculated (see Table E-4.6.)
: Ays Total watershed area (nv) 2.93x10°
u Dys Sediment delivery ratio for watershed (unitless) Calculated (see Table E-4.7.)
“ Cus Watershed constituent concentration (mg/kg) Calculated (see Table E-4.1.)
4 Description
ﬂ This equation cal cul ates the average concentration of delivered sediment for the watershed allowing for
n different unit soil loss factors and sediment delivery ratios for each of the modeled areas.
L
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Table E-4.21. Total Waterbody Concentration

Fisher Scenario

L

- T

thot
MV, X £ e K,y X WA, X (d, % d,)

Parameter Definition Input Value
Cutot Total water body concentration, including
water column and bed sediment (mg/L) or
(g/(n)
Lt Total chemical load into water- body, Calculated (see Table E-4.10.)

including deposition, runoff, and erosion
(g/yr)

Vi, Average volumetric flow rate through 3x108
water body (m?/yr)
foeter Fraction of total water body constituent Calculated (see Table E-4.22.)

concentration that occurs in the water
column (unitless)

Kot Overall total waterbody dissipation rate Calculated (see Table E-4.23))
constant (1/yr)
WA, Waterbody surface area (nv) 1.0x10°
d, Depth of water column (m) 0.64
dy Depth of upper benthic layer (m) 0.03
Description

This equation cal culates the total waterbody concentration, including both the water column and the bed
sediment.
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TableE-4.22. Fraction in Water Column and Benthic Sediment

Fisher Scenario

(1 % Kdg, x TSSx 10%°) x d,/ d,

Description

These equations calcul ate the fraction of total waterbody concentration occurring in the water column and the
bed sediments.

f -
" (1 % Kdy, x TSSx 10%%) x d/d, % (2,, % Kd,, x BS) x d, /d,
fbenth T 1& fwater
Parameter Definition Central Tendency High End
foater Fraction of total waterbody constituent
concentration that occursin the water

h column (unitless)
z Kd,, Suspended sediment/surface water partition Chemical specific
m coefficient (L/kg) (see Appendix A)
z TSS Total suspended solids (mg/L) 80
: 10° Conversion factor (kg/mg)
u d, Depth of the water column (m) 0.64
o d, Total waterbody depth (m) Calculated (d,+d,)
a d, Depth of the upper benthic layer (m) 0.03

2pe Bed sediment porosity (L,xe/L) 0.6
m Ky Bed sediment/sediment pore water partition Chemical-specific
:'_i coefficient (L/kg) or (g/cr) (see Appendix A)
= BS Bed sediment concentration (g/cn) 10
: fbenth Fraction of total waterbody constituent
u concentration that occurs in the benthic
“ sediment (unitless)
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Table E-4.23. Overall Total Waterbody Dissipation Rate Constant

Fisher Scenario

Kie ™ Torer X K, % K

Parameter Definition Central Tendency High End

Kot Overall total waterbody dissipation rate
constant (1/yr)

foaer Fraction of total waterbody constituent Calculated (see Table E-4.22.)
concentration that occursin the water
column

k, Water column volatilization rate constant Calculated (see Table E-4.24.)
(/yn)

Ky Benthic burial rate constant (1/yr) Calculated (see Table E-4.25.)

Description

This equation calculates the overall dissipation rate of constituent in surface water due to volatilization and
benthic burial.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

E-86




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table E-4.24. Water Column Volatilization L oss Rate Constant

Fisher Scenario

K

k - \

\

d, x (1% Kd_, x TSS x 10%°)

Parameter Definition Central Tendency High End
k, Water column volatilization rate constant
(Lyr)
K, Overall transfer rate (m/yr) Calculated (see Table E-4.13))
d, Tota waterbody depth (m) Calculated (d,+d,)
Kd,, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix A)
TSS Total suspended solids (mg/L) 80
10° Conversion factor (kg/mg)

Description

This equation cal cul ates the water column constituent |oss due to volatilization.
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0 Table E-4.25. Benthic Burial Rate Constant

Fisher Scenario

- Wb
kb fbenth X ‘d='

Parameter Definition Central Tendency High End
K, Benthic burial rate constant (1/yr)
f penth Fraction of total waterbody constituent Calculated (see Table E-4.22)
concentration that occurs in the benthic
sediment
W, Burial rate (m/yr) Calculated (see Table E-4.26)
d, Depth of upper benthic sediment layer (m) 0.03
Description

This equation cal culates the water column constituent loss due to burial in benthic sediment.
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Table E-4.26. Benthic Burial Rate Constant

Fisher Scenario
Parameter Definition Central Tendency High End
W, Benthic burial rate constant (m/yr)
Wee Deposition rate to bottom sediment (m/yr) Calculated (see Table E-4.27)
TSS Total suspended solids (mg/L) 80
10° Units conversion factor (kg/mg)
BS Bed sediments concentration (kg/L) 1
Description
Thisequation is used to determine the loss of constituent from the benthic sediment layer.
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Table E-4.27. Deposition Rate to Bottom Sediment

Fisher Scenario

W+ [ XX Ag x SO, x 10008 M, TSS}
dep WA, x TSS
Parameter Definition Central Tendency High End
Wiep Deposition rate to bottom sediment (m/yr)
Xews Unit soil loss from the watershed Calculated (see Table E-4.6)
(kg/mélyr)
Aus Area of watershed (n?) 2.93x 10°
SD,s Watershed sediment delivery ratio Calculated (see Table E-4.7)
(unitless)
Vi, Average volumetric flow rate (m?/yr) 3.0x10°
TSS Total suspended solids (g/nT) 80
1000 Units conversion factor (g/kg)
WA, Waterbody surface area (n) 1x10°
Description

Thisequation is used to determine the loss of constituent from the waterbody asit deposits onto the benthic

sediment.
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Table E-4.28. Total Water Column Concentration

Fisher Scenario

d,%d,
th fwater X thot X Wd
w
Parameter Definition Central Tendency High End
Cut Total concentration in water column
(mg/L)
feter Fraction of total water body constituent Calculated (see Table E-4.22.)

concentration that occursin the water
column (unitless)

Cutot Total water concentration in surface water Calculated (see Table E-4.21.)
system, including water column and bed
sediment (mg/L)
dy Depth of upper benthic layer (m) 0.03
d, Depth of the water column (m) 0.64
Description

This equation calculates the total water column concentration of constituent; thisincludes both dissolved
constituent and constituent sorbed to suspended solids.
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Table E-4.29. Dissolved Water Concentration

Fisher Scenario

th
de :
1% Kd,, x TSS x 10%°

Parameter Definition Central Tendency High End

Caw Dissolved phase water concentration
(mg/L)

Cut Total concentration in water column Calculated (see Table E-4.28.)
(mg/L)

Kd, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix A)

10° Units conversion factor (kg/mg)

TSS Total suspended solids (mg/L) 80

Description

This equation cal culates the concentration of constituent dissolved in the water column.
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Table E-4.30. Concentration Sorbed to Bed Sediment

Fisher Scenario

o Kd, d, % d,

c,"f X X
benth wtot 2bs% des X BS d

£

b

Parameter Definition Central Tendency High End
Cq Concentration sorbed to bed sediments
(mg/kg)
f penth Fraction of total waterbody constituent Calculated (see Table E-4.22.)

concentration that occursin the bed
sediment (unitless)

Cutot Total water concentration in surface water Calculated (see Table E-4.21.)
system, including water column and bed
sediment (mg/L)

d, Total depth of water column (m) 0.64

d, Depth of the upper benthic layer (m) 0.03

2ps Bed sediment porosity (unitless) 0.6

K s Bed sediment/sediment pore water partition Chemical specific
coefficient (L/kg) (see Appendix A)

BS Bed sediment concentration (kg/L) 1.0

Description

This equation cal cul ates the concentration of constituent sorbed to bed sediments.
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Table E-4.31. Fish Concentration from Dissolved Water Concentration

Fisher Scenario

C. " C,, X BCF

Parameter Definition Central Tendency High End
Cisn Fish concentration (mg/kg)
Can Dissolved water concentration (mg/L) Calculated (see Table E-4.29.)
BCF Bioconcentration factor (L/kQ) Chemical specific
(see Appendix A)
Description

This equation cal culates fish concentration from dissolved water concentration using a bioconcentration
factor.
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Table E-4.32. Fish Concentration from Total Water Column Concentration

Fisher Scenario
C " C, X BAF
Parameter Definition Central Tendency High End
Cisn Fish concentration (mg/kg)
Cut Total water column concentration (mg/L) Calculated (see Table E-4.28.)
BAF Bioaccumulation factor (L/kg) Chemical specific
(see Appendix A)
Description
This equation cal culates fish concentration from total water column concentration using a bioaccumulation
factor.
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Appendix E - Equations

Table E-5.1. Contaminant Intake from Soil

h looit = Sl CRi g F il

m Parameter Description Value

z il Daily intake of contaminant from soil (mg/d)

: S Average soil concentration of pollutant over exposure calculated

U' duration (mg/kg)

o CRyi Consumption rate of soil (kg/d) varies

a (See Table 5-4 of
Report)

Foi Fraction of consumed soil contaminated (unitless) (See Table 5-6 of
> Report)
=
: Description
u This equation cal culates the daily intake of contaminant from soil consumption. The soil concentration will
z vary with each scenario, and the soil consumption rate varies for children and adults.
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Appendix E - Equations

Table E-5.2. Contaminant Intake from Exposed Vegetable Intake

l,, " (Pd% Pv% Pr) i CR i F,

Parameter Description Value
lg Daily intake of contaminant from exposed vegetables
(mgykg Fw)
Pd Concentration in exposed vegetables due to deposition calculated
(mg/kg Dw)
Pv Concentration in exposed vegetables due to air-to-plant calculated
transfer (mg/kg Dw)
Pr Concentration in exposed vegetables due to root uptake calculated
(mg/kg Dw)
CRy Consumption rate of exposed vegetables varies
(kg Dw/d) (See Table 5-4 of Report)
Fa Fraction of exposed vegetables contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of exposed vegetables. The
consumption rate varies for children and adults. The contaminated fraction and the concentration in exposed
vegetables will vary with each scenario.
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Appendix E - Equations

Table E-5.3. Contaminant I ntake from Exposed Fruit Intake

o™ (PA% Pv% Pr) iCR F,

Parameter Description Value
4 Daily intake of contaminant from exposed fruit (mg/kg Fw)
Pd Concentration in exposed fruit due to deposition (mg/kg calculated
Dw)
Pv Concentration in exposed fruit due to air-to-plant transfer calculated
(mg/kg Dw)
Pr Concentration in exposed fruit due to root uptake (mg/kg calculated
Dw)
Cryg Consumption rate of exposed fruit varies
(kg Dw/d) (See Table 5-4 of Report)
Fa Fraction of exposed fruit contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation cal cul ates the daily intake of contaminate from ingestion of exposed fruit. The consumption
rate varies for children and adults. The contaminated fraction and the concentration in exposed fruit will vary
with each scenario.
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Appendix E - Equations

Table E-5.4. Contaminant Intake from Root Vegetable I ntake

lev . IDrbg @ CRrv @ I:rv

Parameter Description Value
Iy Daily intake of contaminant from root vegetables for
dioxins (mg/kg Fw); metals (mg/kg Dw)
Pr,, Concentration in root vegetables due to deposition for calculated
dioxins (mg/kg Fw); metas (mg/kg Dw)
Cr, Consumption rate of root vegetables for dioxins (kg Fw/d); varies
metals (kg Dw/d) (See Table 5-4 of Report)
F. Fraction of root vegetables contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of exposed vegetables. The
consumption rate varies for children and adults. The contaminated fraction and the concentration in exposed
vegetables will vary with each scenario.
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Appendix E - Equations

Table E-5.5. Contaminant Intake from Beef and Milk

" ACCRCF
Parameter Description Value
l; Daily intake of contaminant from animal tissue i (mg/d)
A Concentration in animal tissue i (mg/kg Fw) - for Dioxins calculated
and (mg/kg Dw) - for Cadmium
CR Consumption rate of animal tissue i (kg Fw/d) - for varies
Dioxins and (Kg Dw/d) - for Cadmium (See Table 5-4 of Report)
F Fraction of animal tissuei contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of animal tissue (wherethe"i" inthe
above equation refersto beef and milk). The consumption rate varies for children and adults and for the type of
animal tissue.
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Appendix E - Equations

Table E-5.6. Contaminant Intake from Fish

Ifish ) Cfish ¢ CRfish ¢ I:fish

Parameter Description Value
i Daily intake of contaminant from fish (mg/d)
Cisn Concentration in fish (mg/kg) calculated
Crig Consumption rate of fish (kg/d) varies
(See Table 5-4 of Report)
Fisn Fraction of fish contaminated (unitless) (See Table 5-6 of Report)

Description

This equation cal culates the daily intake of contaminate from ingestion of fish.
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Appendix E - Equations

Table E-5.7. Total Daily Intake
Adult and Child Home Gardener
I - Isoil % Iev% Ief% Irv
Farmer
I * Isoil % Iev% Ibeef% lmilk% Ief% Irv
h Fisher
z " g,
z Parameter Description Value
: I Total daily intake of contaminant (mg/d)
u lsoil Daily intake of contaminant from soil (mg/d) calculated
o (see Appendix E-5.1)
lo Daily intake of contaminant from exposed vegetables calculated
a (see Appendix E-5.2)
g Daily intake of contaminant from exposed fruit (mg/d) calculated
m (see Appendix E -5.3)
> Iy Daily intake of contaminant from root vegetables calculated
=t (see Appendix E -5.4)
loeets | mitk Daily intake of contaminant from animal tissue (mg/d) calculated
.- (see Appendix E -5.5)
u lfigh Daily intake of contaminant from fish (mg/d) calculated
: (see Appendix E -5.6)
: Description
ﬂ This equation cal culates the daily intake of contaminant on a pathway by pathway basis.
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Appendix E - Equations

Table E-5.7. (Continued) Total Daily Intake
= Isoil % Iev % Ibeef % ImiIk % Ifish % Ief % Irv
Parameter Description Value
I Tota daily intake of contaminant (mg/d)
i Daily intake of contaminant from soil (mg/d) calculated
(see Table E-5.1)
lo Daily intake of contaminant from exposed vegetables calculated
(mg/d) (see Table E-5.2)
I Daily intake of contaminant from exposed fruit (mg/d) calculated
(see Table E-5.3)
Iy Daily intake of contaminant from root vegetables fruit calculated
(mg/d) (see Table E-5.4)
loeets | mitk Daily intake of contaminant from animal tissue (mg/d) calculated
(see Table E-5.5)
i Daily intake of contaminant from fish (mg/d) calculated
(see Table E-5.6)
Description
This equation calculates the daily intake of contaminate viaall indirect pathways.
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Appendix E - Equations

Table E-5.8. Individual Cancer Risk: Carcinogens
. i 0 0
Cancer Risk * | CEDEEFICSE
BW i AT § 365
Parameter Description Value
Cancer Risk Individual lifetime cancer risk (unitless)
I Tota daily intake of contaminant (mg/d) calculated
(see Table E-5.6)
ED Exposure duration (yr) varies
See Exposure
EF Exposure frequency (day/yr) 350
BW Body weight (kg) adult: 70
child: varies
AT Averaging time (yr) 70
365 Units conversion factor (day/yr)
CSF Ora cancer slope factor (per mg/kg/d) chemical -specific
(see Appendix A)
Description
This equation calculates the individual cancer risk from indirect exposure to carcinogenic chemicals. The body
weight varies for the child. The exposure duration variesfor different scenarios.
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Appendix E - Equations

Table E-5.9. Hazard Quotient: Noncar cinogens
. I
HQ
BW{ RfD
Parameter Description Value
HQ Hazard quotient (unitless)
I Tota daily intake of contaminant (mg/d) calculated
(see Table E-5.6)
BW Body weight (kg) adult: 70
child: varies
RfD Reference Dose (mg/kg/d) chemical-specific
(see Appendix A)
Description
This equation cal cul ates the hazard quotient for indirect exposure to noncarcinogenic chemicals. The body
weight varies for the child.
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Appendix E - Equations

Table E-5.10 Total Cancer Risk for Farmer Scenario: Carcinogens

Total Cancer Risk * IiCancer Risk;

Parameter Definition Value

Total Cancer Risk Total individual lifetime cancer risk for all chemicals

(unitless)
Cancer Risk; Individual lifetime cancer risk for chemical carcinogen | calculated
(unitless) (see Table E-5.7)

Description

For carcinogens, cancer risks are added across al carcinogenic chemicals.
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Appendix E - Equations

Table E-5.11 Hazard Index for Specific Organ Effectsfor

Noncar cinogens

Farmer Scenario:

HI j " 7i HQ,
Parameter Definition Value
Hi; Hazard index for specific organ effect j (unitless)
HQ, Hazard quotient for chemical | with specific organ effect j calculated
(unitless) (see Table E-5.9)

Description

For noncancer health effects, hazard quotients are added across chemicals when they target the same organ to
calculate an overall hard index.
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Appendix E - Equations

Table E-6.1 Inhalation Cancer Risk for Individual Chemicals from Unit Risk
Factor: Carcinogens

Cancer Risk - C,CURF

Parameter Description Value
Cancer Risk Individual Lifetime cancer risk (unitless)
C, Concentration in air (Fg/m®) calculated
UFR Inhalation Unit Risk Factor (per Fg/m?®) chemical -specific
(see Appendix A)
Description

This equation calculates the inhalation cancer risk for individual constituents using the Unit Risk
Factor.
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Appendix E - Equations

Table E-6.2. Inhalation Cancer Risk for Individual Chemicals from Carcinogenic Slope
Factor: Carcinogens

Cancer Risk = ADI CCSF,

C,CIRCETCEF C ED C 0.001 mg/ug
BW C AT C 365 day/yr

Parameter Description Value
Cancer Risk Individual lifetime cancer risk (unitless)
ADI Average daily intake viainhalation (mg/kg/day)
IR Inhalation rate (m/hr) Varies

(See Table 5-4 of Report)
ET Exposure time (hr/day) 24
EF Exposure frequency (day/yr) 350
BW Body weight (kg) Adult=70
Child = varies
AT Averaging time (yr) 70
CSF., Inhalation Carcinogenic slope Factor (per mg/kg/day) chemical-specific
(see Appendix A)
Description

This eguation calculates the inhalation cancer risk for individual constituents using the Carcinogenic Slope
Factor.
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Appendix E - Equations

Table E-6.3. Inhalation Hazard Quotient for Individual Chemicals. Noncarcinogens
C, € 0.001 mg/ug
RfC
Parameter Description Value
HQ Hazard quotient (unitless)
C. Concentration in air (ug/nv) calculated
RfC Reference concentration (mg/m?) chemical-specific
(see Appendix A)
Description
This equation calculates the inhalation hazard quotient for individual constituents.
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Appendix E - Equations

Table E-6.4 Total Inhalation Cancer Risk: Carcinogens

Total Cancer Risk * IiCancer Risk;

Parameter Definition Value
Total Cancer Risk Total individual lifetime cancer risk for all chemicals
(unitless)
Cancer Risk; Individual lifetime cancer risk for chemical carcinogen | calculated
(unitless) (see TablesE-6.1, E-6.2)

Description

For carcinogens, cancer risks are added across al carcinogenic chemicals.
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Appendix E - Equations

TableE-6.5 Hazard Index for Inhalation: Noncarcinogens
HE I HQ,
|
Parameter Definition Value
Hiin Hazard index for inhalation (unitless)
HQ, Hazard quotient for chemical | (unitless) calculated
(see Table E-6.3)
Description
For noncancer health effects, hazard quotients are added across chemicals when the same organ to calculate an
overall hazard index.
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Appendix F

Soil Amendment Equations
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TableF-1.1. Constituent Concentration Dueto Erosion in Buffer Field

All Exposure Scenario
c - S xCo x ER
BF = e wM
I(SBF X MBF
Parameter Definition Central Tendency High End
Car Constituent concentation in the buffer field
(mg/kg)
Srer Soil load delivered to buffer field for material Calculated
orginating from source field (kg/yr) (seeTableF-1.2.)
C: Source field constituent concentration Chemical-specific
(mg/kg)
KSgr Constituent loss constant for buffer field Calculated
(Liyr) (seeTable F-1.6.)
Mge Mass of soil in mixing depth of buffer field Calculated
(kg) (seeTableF-1.14.)
Description
This equation is used to cal culate the constituent concentration in the buffer field as aresult of erosion from
the sourcefield. Buffer field islocated in the area existing between the source field and the surface water
body.
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TableF-1.2. Soil Load Delivered to Buffer Field for Material Originating from Source Field

All Exposur e Scenarios
SLrgr * X X Ag X (1&SDg) X Eﬁ}
Parameter Definition Central Tendency High End
Srer Soil load delivered to buffer field for material
originating from source field (kg/yr)
Xer Unit soil loss from source field (kg/mé-yr) Calculated (see Table F-1.3.)
A Areaof sourcefield (n) Ag field = 902,450
Home garden = 5,100
SDgs Sub-basins ediment delivery ratio (unitless) Calculated (see Table F-1.5.)
Age Areaof buffer field (m?) Calculated (see Table F-1.4.)
Description
Thisequation is used to calculate the load of eroded soil originating from the source field of interest that is
deposited onto the buffer field.
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TableF-1.3. Universal Soil Loss Equation (USLE) for the Source Field

All Exposur e Scenarios
. 907.18
Xoe - Re X Ko x LS x €. x P x 9047
Parameter Definition Central Tendency High End
Xer Unit soil loss from the source field
(kg/nlyr)

h Re USLE rainfall (or erosivity) factor (1/yr) Met Specific
z (See Table 2-1 of Report)
m Ke USLE erodibility factor (ton/acre) 0.3
z LS USLE length-slope factor (unitless) 15
:. Ce USL E cover management factor 0.15
U' (unitless)

P: USLE supporting practice factor 1
o (unitless)
n 907.18 Conversion factor (kg/ton)
m 4047 Conversion factor (mf/acre)
> Description
-
: This equation calculates the soil loss rate from the source field, using the Universal Soil Loss Equation; the

result is used in the soil erosion load equation.
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Table F-1.4. Buffer Field Area

All Exposur e Scenarios

Age " dy X \/A_F
Parameter Definition Central Tendency High End
Agr Areaof buffer field (n?)
d, Distance between field source and 300 75
waterbody side-length of buffer field
(m)

Ac Areaof source field of interest (m?) Ag. Field = 902,450
Home garden = 5,100
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Table F-1.5. Sub-basin Sediment Delivery Ratio

All Exposur e Scenarios

D, " ax (A%nA )P

Parameter Definition Central Tendency High End
Dy Sub-basin sediment delivery ratio for
sub-basin (unitless)
a Empirical intercept coefficient Depends on sub-basin area; see table below
Age Areaof buffer field (n?) Cdculated (see Table F-1.4.)
Ac Areaof sourcefield of interest (m?) Ag. field = 902,450
Home garden = 5,100
b Empirical slope coefficient 0.125
Description

This equation calculates the sediment delivery ratio for the sub-basin; the result is used in the soil erosion load
equation.

Valuesfor Empirical Intercept Coefficient, a

Sub-basin d
(As+Agp) coefficient
(unitless)
#0.1 2.1
1 1.9
10 14
100 1.2
1,000 0.6
1 sg. mile = 2.59x10° m*
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TableF-1.6. Constituent L oss Constant

All Exposure Scenarios

ksye ™ kslge % ksey % ksrg % ksgg: % ksvg:

Parameter Definition Central Tendency High End

KSgr Constituent loss constant due to all
processes for the buffer field (1/yr)

kslge Constituent loss constant due to leaching Calculated
(Lyr) (seeTable F-1.7.)

ksesr Constituent loss constant due to soil Calculated
erosion (1/yr) (see Table F-1.10.)

Ksrgr Constituent loss constant due to surface Calculated
runoff (1/yr) (seeTableF-1.12)

KSQsr Constituent loss constant due to Chemical Specific
degradation (1/yr) (See Appendix A)

KSvisr Constituent loss constant due to Calculated
volatilization (1/yr) (seeTableF-1.13))

Description

This equation cal cul ates the constitutent loss constant, which accounts for the loss of constituent from soil by
several mechanisms.
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TableF-1.7. Constituent L oss Constant Dueto L eaching

All Exposur e Scenarios

o - P%1& R& E,
B 2xZ, x[1.0% (BD x Kd_/2)]

Parameter Definition Central Tendency High End

kslge Constituent loss constant for buffer field
due to leaching (1/yr)

This equation cal cul ates the constituent |oss constant due to leaching from soil.

P Average annual precipitation (cm/yr) Met Specific

m (See Table 2-1 of Report)

z I Average annud irrigation (cm/yr) 0

: R Average annua runoff (cm/yr) Met Specific

u (See Table 2-1 of Report)

o E, Average annual evapotranspiration Met Specific

a (cmfyr) (See Table 2-1 of Report)
2 Soil volumetric water content (mL/cn) Calculated (see Table F-1.8.)
Zer Soil depth of buffer field from which

> leaching removal occurs - untilled (cm) 25

: BD Soil bulk density (g/cn) 14

u Kd, Soil-water partition coefficient (cm?/g) Chemical-specific

(see Appendix A)
: Description
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TableF-1.8. Soil Volumetric Water Content

All Exposure Scenarios
1
2+ 2} 4 [?%3)
S| KS
Parameter Definition Central Tendency High End

2 Soil volumetric water content (mL/cnt)
2 Soil saturated volumetric water content 0.43

(mL/cn?)
q Average annual recharge rate (cm/yr) Calculated

(seeTable F-1.9.)

Ks Saturated hydraulic conductivity (cm/yr) 808
b Soil-specific exponent representing water 54

retention (unitless)
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TableF-1.9. Average Annual Recharge

All Exposure Scenarios

q" P%I&E&R

Parameter Definition Central Tendency High End
q Average annual recharge rate (cm/yr)
P Average annual precipitation (cm/yr) Met Specific
(See Table 2-1 of Report)
I Average annual irrigation (cm/yr) 0
E, Average annual evapotranspiration (cm/yr) Met Specific

(See Table 2-1 of Report)

Ry Average annual runoff (cm/yr) Met Specific
(See Table 2-1 of Report)
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TableF-1.10. Constituent L oss Constant Dueto Erosion

All Exposur e Scenarios

ksege

. 0.1 X ER X X,gr X SDgg Kd, x BD
BD x Zg 2% (Kdg x BD)

Parameter Definition Central Tendency High End

ksesr Constituent loss constant for buffer field dueto
soil erosion (1/yr)

Xegr Unit soil loss for buffer field (kg/mé/yr) Calculated (see Table F-1.11.)
2 Soil volumetric water content (mL/cn) Calculated (see Table F-1.8.)
Zar Soil mixing depth for buffer field - untilled
(cm) 25
BD Soil bulk density (g/cm®) 14
Kd, Soil-water partition coefficient (mL/qg) Chemical-specific
(see Appendix A)
D Sediment delivery ratio for the sub-basin Calculated (see Table F-1.5).
(unitless)
ER Constituent enrichment ratio (unitless) Metals=1
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Table F-1.11. Universal Soil Loss Equation (USLE) for Buffer Field

All Exposur e Scenarios

Xopr - Ree X Kgp X LS5e X Cgp X Pge X 92074178
Parameter Definition Central Tendency High End

Xegr Unit soil loss for buffer field (kg/m? -yr)
Rgr USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)
Kge USLE erodibility factor (ton/acre) Met Specific

(See Table 2-1 of Report)
LSk USL E length-slope factor (unitless) 15
Car USLE cover factor (unitless) 0.15
Psr USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (mé/acre)
Description

This equation is used to calculate the soil 1oss rate from the buffer field using the Universal Soil Loss
Equation; the result is used in the soil erosion load equation.
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TableF-1.12. Constituent L oss Constant Due to Runoff

All Exposur e Scenarios

ksr

. R 1
BF X
2% Zyy { 1% (dexBDIZ)}

Parameter Definition Central Tendency High End

Ksrge Constituent loss constant for buffer field

due to runoff (1/yr)
R Average annual runoff (cm/yr) Met Specific

(See Table 2-1 of Report)

2 Soil volumetric water content (mL/cnt) Cdculated (see Table F-1.8.)
Zar Soil mixing depth of buffer field - 25

untilled (cm)
Kd, Soil-water partition coefficient (cm®/g) Chemical-specific

(see Appendix A)
BD Soil bulk density (g/cn) 14
Description

This equation cal cul ates the constituent |oss constant due to runoff from soil.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

F.1-12




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

TableF-1.13. Constituent L oss Constant Dueto Volatilization

All Exposur e Scenarios

ksv '[

3.1536x10'xH
" |Zge xKdx Rx Tx BD|

.lx 482 xu®®x

B

&0.11
&0.67
4x
X{ A
a

Parameter Definition Central Tendency High End
KSvisr Constituent loss constant for buffer field
due to volatilization (1/yr)

3.1536x10’ Conversion constant (s/yr)

H Henry's law constant (atm-m?/mol) Chemical-specific
(see Appendix A)

Zar Soil mixing depth of buffer field - untilled 25

(cm)

Kd, Soil-water partition coefficient (cm®/g) Chemical-specific
(see Appendix A)

R Universal gas constant (atm-m?/mol-K) 8.205x10°

T Ambient air temperature (K) Met Specific

(See Table 2-1 of Report)
BD Soil bulk density (g/cn) 14
u Average annua windspeed (m/s) Met Specific
(See Table 2-1 of Report)

o Viscosity of air (g/cm-s) 1.81x10*

D, Density of air (g/cn?) 1.2x10°

D, Diffusivity of constituent in air (cm?/s) Chemical-specific
(see Appendix A)

Age Surface area of buffer field (n?) Calculated
(seeTable F-1.4.)

Description

This equation calcul ates the constituent loss constant due to volatilization from soil.
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TableF-1.14. Mass of Soil in Mixing Depth of Buffer Field

All Exposur e Scenarios

Mg © ZBFXABFXBDxlO

Parameter Definition Central Tendency High End

Mge Mass of soil in mixing depth of buffer

field (kg)
Zar Soil mixing depth for buffer field - untilled 25

(cm)
Age Areaof buffer field (m?) Cdculated

(seeTable F-1.4.)

BD Soil bulk density (g/cn) 14
10 Units conversion factor (cn - kg/n¥ -g)

Description

This equation is used to calculate the total mass of soil in the buffer field that will be mixing with the mass of

eroded material.
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TableF-2.1. Total Load to Water body

Fisher Scenario
L, " Lg% Lo
Parameter Definition Central Tendency High End
Lt Total constituent load to the waterbody (g/yr)
Lg Runoff load from pervious surfaces (g/yr) Cdculated (see Table F-2.2.)
Le Sail erosion load (g/yr) Cdculated (see Table F-2.3.)
Description

This equation calculates the total average waterbody 1oad from runoff and erosion loads.
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TableF-2.2. Pervious Runoff L oad to Water body

Fisher Scenario
L, " RX (A, xC, %A XxC.) x —B2____ x001
2% Kd, x BD
Parameter Definition Central Tendency High End

Lg Pervious surface runoff load (g/yr)

R Average annual surface runoff (cm/yr) Met Specific
h (See Table 2-1 of Report)
z BD Soil bulk density (g/cn) 1.4
z Age Areaof buffer field (n?) Calculated (see Table F-1.4.)

Car Constituent concentration in buffer Calculated (see Table F-1.1.)
- field (mg/kg)
u A Areaof sourcefield (n?) Agfield = 902,450
o Home garden = 5,100
a C: Constituent concentration in surce Chemical specific

field (mg/kg)

m Kd, Soil-water partition coefficient (L/kg) Chemical specific
> or (cm¥g) (see Appendix A)
-l 0.01 Units conversion factor
: (kg-cm?/mg-nv)
u 2 Volumetric soil water content Calculated (see Table F-1.8.)
z (cm¥cmd)
4 Description
ﬁ This equation calculates the average runoff load to the waterbody from pervious soil surfacesin the sub-basin.
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DRAFT May 13, 1998
TableF-2.3. Erosion Load to Water body
Fisher Scenario
. . Kd,xBD
Le ™ [(Xop XA XC) % (X, ge X Age XCgp)] X SDgg X ER m x 0.001
Parameter Definition Central Tendency High End
Le Constituent load via soil erosion load
)
Xewr Unit soil loss from the source field Calculated (see Table F-1.3.)
(kg/mélyr)
A Sourcefield area (n) Agfield = 902,450
Home garden = 5,100
C: Source field constituent concentration Chemical specific
(mg/kg)
Xepr Unit soil loss for buffer field (kg/m? -yr) Calculated (see Table F-1.11.)
Age Buffer field area (nv) Calculated (see Table F-1.4.)
Cer Constituent concentration in the buffer Calculated (see Table F-1.1.)
field (mg/kg)
D Sediment delivery ratio for sub-basin Cdculated (see Table F-1.5.)
(unitless)
ER Soil enrichment ratio (unitless) Metals=1
Kd, Soil-water partition coefficient (L/kg) or Chemical specific
(cm®qg) (see Appendix A)
BD Soil bulk density (g/cn) 14
2 Volumetric soil water content (cm®/cm?®) Calculated (see Table F-1.8)
0.001 Units conversion factor (g/mg)

Description

This equation cal culates the |oad to the waterbody resulting from soil erosion.
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TableF-2.4. Total Waterbody Concentration

Fisher Scenario

L

- T

thot
MV, X £ e K,y X WA, X (d, % d,)

Parameter Definition Input Value

Cutot Total water body concentration, including
water column and bed sediment (mg/L) or
(g/(m)

Lt Total chemical load into waterbody, Cdculated (see Table F-2.1.)
including runoff and erosion (g/yr)

Vi, Average volumetric flow rate through 3x10°
water body (m?/yr)

foeter Fraction of total water body constituent Calculated (see Table F-2.5.)

concentration that occurs in the water
column (unitless)

Kot Overall total waterbody dissipation rate Cdculated (see Table F-2.6.)
constant (1/yr)
WA, Waterbody surface area () 1.0x10°
d, Depth of water column (m) 0.64
d, Depth of upper benthic layer (m) 0.03
Description

This equation calculates the total waterbody concentration, including both the water column and the bed
sediment.
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DRAFT May 13, 1998
TableF-2.5. Fractionin Water Column and Benthic Sediment
Fisher Scenario
i (1 % Kdg, x TSSx 10%%) x d,/ d,
e (1 % Kdg, x TSSx 10%*%) x d /d, % (2., % Kd, x BS) x d, /d,
fbenth T 1& fwater
Parameter Definition Central Tendency High End

foater Fraction of total waterbody constituent

concentration that occursin the water

column (unitless)
Kd,, Suspended sediment/surface water partition Chemical specific

coefficient (L/kg) (see Appendix A)
TSS Total suspended solids (mg/L) 80
10° Conversion factor (kg/mg)
d, Depth of the water column (m) 0.64
d, Total waterbody depth (m) Calculated (d,+d,)
dy Depth of the upper benthic layer (m) 0.03
2pe Bed sediment porosity (L,xe/L) 0.6
KOs Bed sediment/sediment pore water partition Chemical-specific

coefficient (L/kg) or (g/cm®) (see Appendix A)
BS Bed sediment concentration (g/cnt) 1.0
fbenth Fraction of total waterbody constituent

concentration that occurs in the benthic

sediment (unitless)

Description

These equations cal culate the fraction of total waterbody concentration occurring in the water column and the
bed sediments.
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TableF-2.6. Overall Total Waterbody Dissipation Rate Constant
Fisher Scenario

kwt' fwaterXK/% kb

Parameter Definition Central Tendency High End

Kot Overall total waterbody dissipation rate
constant (1/yr)

foeter Fraction of total waterbody constituent Calculated (see Table F-2.5.)
concentration that occursin the water
column

k, Water column volatilization rate constant Calculated (see Table F-2-7.)
(A/yn)

K, Benthic burial rate constant (1/yr) Calculated (see Table F-2.10.)

Description

This equation calcul ates the overall dissipation rate of constituent in surface water due to volatilization and
benthic burial.
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DRAFT May 13, 1998
Table F-2.7. Water Column Volatilization L oss Rate Constant
Fisher Scenario
k * “
d, x (1% Kd_, x TSS x 10%°)
Parameter Definition Central Tendency High End

k, Water column volatilization rate constant

(Lyr)
K, Overall transfer rate (m/yr) Cdlculated (see Table F-2.8.)
d, Total waterbody depth (m) Calculated (d,+d,)
Kd,, Suspended sediment/surface water Chemical specific

partition coefficient (L/kg) (see Appendix A)
TSS Total suspended solids (mg/L) 80
10° Conversion factor (kg/mg)

Description

This equation cal culates the water column constituent |oss due to volatilization.
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TableF-2.8. Overall Transfer Rate

Fisher Scenario

1
- &l H &l (T, &293)
KV L% KG X 2
Rx T,

Parameter Definition Central Tendency High End
K, Overal transfer rate (m/yr)
K, Liquid phase transfer coefficient (m/yr) Cdculated (see Table F-2.9.)
Kg Gas phase transfer coefficient (m/yr) — 36,500
flowing stream or river
H Henry's Law constant (atm-m?/mol) Chemical specific
(see Appendix A)
R Universal gas constant (atm-m*/mol-K) 8.205x 10°
Ty Waterbody temperature (K) 298
2 Temperature correction factor (unitless) 1.026
Description

This equation calculates the overall transfer rate of constituent from the liquid and gas phasesin surface water.
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TableF-2.9. Liquid Phase Transfer Coefficient

Fisher Scenario
- Flowing stream or river
10 x D, X U
dZ
Parameter Definition Central Tendency High End

K, Liquid phase transfer coefficient

(miyr)
D, Diffusivity of chemical in water Chemical specific

(cn/s) (see Appendix A)
u Current velocity (m/s) 0.7
d, Total waterbody depth (m) Calculated (d,+d,)
3.15x10’ Conversion constant (s/yr)
10* Units conversion factor (mé/cnr)

Description

This equation calculates the transfer rate of constituent from the liquid phase for aflowing system.
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TableF-2.10. Benthic Burial Rate Constant

Fisher Scenario

- Wb
kb fbenth X ‘d='

Parameter Definition Central Tendency High End
Ky Benthic buria rate constant (1/yr)
fbenth Fraction of total waterbody constituent Cdculated (see Table F-2.5.)
concentration that occurs in the benthic
sediment
W, Buria rate (m/yr) Calculated (see Table F-2.11.)
d, Depth of upper benthic sediment layer (m) 0.03
Description

This equation cal culates the water column constituent loss due to burial in benthic sediment.
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Table F-2-11. Benthic Burial Rate Constant

Fisher Scenario

Parameter Definition Central Tendency High End
W, Benthic burial rate constant (m/yr)
Woep Deposition rate to bottom sediment (m/yr) Calculated (see Table F-2.12.)
TSS Total suspended solids (mg/L) 80
10° Units conversion factor (kg/mg)
BS Bed sediments concentration (kg/L) 1
Description

This equation is used to determine the loss of constituent from the benthic sediment layer.
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Table F-2.12. Deposition Rateto Bottom Sediment

Fisher Scenario
w - [XsXAs x Dy x 10008 VfXxTSS}
dep WA, x TSS
Parameter Definition Central Tendency High End
Wee Deposition rate to bottom sediment (m/yr)
Xess Unit soil loss from the sub-basin Calculated (see Table F-2.13.)
(kg/mélyr)
Ass Areaof sub-basin (n?) Calculated (see Table F-2.24.)
SDgs Sub-basin sediment delivery ratio Calculated (see Table F-1.5.)
(unitless)
\% ¥ Average volumetric flow rate (m?/yr) 3.0x 108
TSS Total suspended solids (g/nT) 80
1000 Units conversion factor (g/kg)
WA, Waterbody surface area (n) 1x10°
Description
Tg;ig eguation is used to determine the loss of constituent from the waterbody as it deposits onto the benthic
iment.
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Table F-2.13. Universal Soil L oss Equation (USLE) for the Sub-Basin

All Exposure Scenarios
Xoss .~ R X Kgg X LS X Cgg X Pgg X i0(7)4178
Parameter Definition Central Tendency High End

Xess Unit soil loss from the sub-basin (kg/mé-yr)
Rss USLE rainfall factor (1/yr) Met Specific

(See Table 2-1 of Report)
Kss USLE erodibility factor (ton/acre) Met Specific

(See Table 2-1 of Report)
LS USL E length-slope factor (unitless) 15
Css USLE cover factor (unitless) 0.15
Pss USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4,047 Units conversion factor (m?/acre)
Description

This equation is used to calculate the soil 1oss rate from the sub-basin using the Universal Soil Loss Equation.
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DRAFT May 13, 1998
TableF-2.14. Sub-basin Area
Fisher Scenario
Ag ™ A- % Age
Parameter Definition Central Tendency High End
Ags Areaof Sub-basin
Ac Areaof sourcefield of interest (n) Ag. Field = 902,450
Home garden = 5,100
Age Areaof buffer field (n?) Calculated (see Table F-1.4.)
Description
This equation is used to calculate the area of the sub-basin.
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TableF-2.15. Total Water Column Concentration

Fisher Scenario

d,%d,
th 1:water X thot X Wd_
w
Parameter Definition Central Tendency High End
Cut Total concentration in water column
(mg/L)
foaer Fraction of total water body constituent Cdculated (see Table F-2.5.)

concentration that occursin the water
column (unitless)

Cutot Total water concentration in surface water Cdculated (see Table F-2.4.)
system, including water column and bed
sediment (mg/L)
d, Depth of upper benthic layer (m) 0.03
d, Depth of the water column (m) 0.64
Description

This equation calculates the total water column concentration of constituent; this includes both dissolved

constituent and constituent sorbed to suspended solids.

F.2-15



DRAFT May 13, 1998

TableF-2.16. Dissolved Water Concentration

Fisher Scenario

C

- wt

1% Kd,, x TSS x 10%°

dw

Parameter Definition Central Tendency High End
Can Dissolved phase water concentration
(mglL)
Cut Total concentration in water column Calculated (see TableF-2.15.)
(mg/L)
Kd,, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix A)
10° Units conversion factor (kg/mg)
TSS Total suspended solids (mg/L) 80
Description

This equation cal cul ates the concentration of constituent dissolved in the water column.
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TableF-2.17. Concentration Sorbed to Bed Sediment

Fisher Scenario

e Kd,, L du%d,
benth wtot 2b % Kd X BS d
S bs

bs
b

Parameter Definition Central Tendency High End
Cis Concentration sorbed to bed sediments
(mg/kg)
fbenth Fraction of total waterbody constituent Calculated (see Table F-2-5.)

concentration that occursin the bed
sediment (unitless)

Cutot Total water concentration in surface water Calculated (see Table F-2.4.)
system, including water column and bed
sediment (mg/L)

d, Total depth of water column (m) 0.64

dy Depth of the upper benthic layer (m) 0.03

2ps Bed sediment porosity (unitless) 0.6

Kdy Bed sediment/sediment pore water partition Chemical specific
coefficient (L/kg) (see Appendix A)

BS Bed sediment concentration (kg/L) 1.0

Description

This equation cal cul ates the concentration of constituent sorbed to bed sediments.
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TableF-2.18. Fish Concentration from Dissolved Water Concentration

Fisher Scenario

C. * C,, X BCF

Parameter Definition Central Tendency High End
Ciisn Fish concentration (mg/kg)
Caw Dissolved water concentration (mg/L) Calculated (see Table F-2.16.)
BCF Bioconcentration factor (L/kg) Chemical specific
(see Appendix A)
Description

This equation calculates fish concentration from dissolved water concentration using a bioconcentration
factor.
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TableF-2.19. Fish Concentration from Dissolved Water Concentration

Fisher Scenario
C, " C, X BAF
Parameter Definition Central Tendency High End
Ciisn Fish concentration (mg/kg)
Cut Dissolved water concentration (mg/L) Calculated (see Table F-2.15.)
BAF Bioconcentration factor (L/kg) Chemical specific
(see Appendix A)
Description

This equation calculates fish concentration from dissolved water concentration using a bioconcentration
factor.
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TableF-2.21. Fish Concentration from Bottom Sediment Concentration

Fisher Scenario
Ciq " Cys X BSAF X fIipid
OC,
Parameter Definition Central Tendency High End

Ciisn Fish concentration (mg/kg)
Css Dissolved water concentration (mg/L) Calculated (see Table F-2.17.)
BSAF Biotato sediment accumulation factor Chemical specific

(L/kg) (see Appendix A)
fiipia Fish lipid content (fraction) 0.05
OCqs Fraction organic carbon in bed sediment 2.34x 103 6.88 x 103

(unitless)

Description
]'cl'his equation cal culates fish concentration from bottom sediment concentration using a bioaccumulation
actor.
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Table F-3.1. Exposed Vegetables Concentration Dueto Direct Deposition

Farmer and Home Gardener Scenarios
B " Dde'D x D, x 315.36) X Rp X [(1.0 & exp (&kp x Tp)]
Yp x kp
Parameter Definition Central Tendency High End
Pd Concentration in plant due to direct
deposition (mg/kg) or (Lg/g)
Deep Dry deposition of particles (g/mé/yr) Modeled
315.36 Units conversion factor (mg-m-s/ug-cm-
yn
Rp I nterception fraction of edible portion of
plant (dimensionless) 0.074
kp Plant surface loss coefficient (1/yr) 18
Tp Length of plant exposure to deposition of
edible portion of plant, per harvest (yrs) 0.16
Yp Yield or standing crop biomass of the
edible portion of the plant (kg DW/n¥) 3
Description
This equation cal cul ates the contaminant concentration in exposed vegetation due to wet and dry deposition of
contaminant on the plant surface.
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Table F-3.2. Exposed Vegetables Concentration Dueto Air-to-Plant Transfer

Farmer and Home Gardener Scenarios

. CvxBv x VG,

Da
Parameter Definition Value
Pv Concentration of pollutant in the plant due to
air-to-plant transfer (mg/kg) or (Lg/Q)
Cv Air concentration of vapor (ug/nt) Waste management scenario-
specific
Bv Air-to-plant biotransfer factor Chemical-specific
([mg pollutant/kg plant tissue DW]/[j1g pollutant/g (see Appendix A)
air])
VG, Empirical correction factor for exposed vegetables 0.01
(dimensionless)
D, Density of air (g/cm®) 1.2x10%
Description

This equation cal culates the contaminant concentration in exposed vegetation due to direct uptake of vapor
phase contaminants into the plant leaves.
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TableF-3.3. Exposed Vegetables Concentration Due to Root Uptake

Farmer and Home Gardener Scenarios
Pr* S x Br
Param Definition Central Tendency High End
eter

Pr Concentration of pollutant in the plant due to direct

uptake from soil (mg/kg)
S Average soil concentration of pollutant over exposure Calculated

duration (mg/kg) (see TableF-1.1)
Br Plant-soil bioconcentration factor for exposed Chemical-specific

vegetables [ug/g DW]/[ug/g sail] (see Appendix A)

Description

This equation cal cul ates the contaminant concentration in exposed vegetation due to direct uptake of
contaminants from soil.
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Table F-3.4. Exposed Fruit Concentration Dueto Direct Deposition

Farmer and Home Gardener Scenarios
B " Dde'D x D, x 315.36) X Rp X [(1.0 & exp (&kp x Tp)]
Yp x kp
Parameter Definition Central Tendency High End
Pd Concentration in plant due to direct
deposition (mg/kg) or (Lg/g)
Deep Dry deposition of particles (g/mé/yr) Modeled
315.36 Units conversion factor (mg-m-s/ug-cm-
yn
Rp I nterception fraction of edible portion of
plant (dimensionless) 0.01
kp Plant surface loss coefficient (1/yr) 18
Tp Length of plant exposure to deposition of
edible portion of plant, per harvest (yrs) 0.16
Yp Yield or standing crop biomass of the
edible portion of the plant (kg DW/n¥) 0.12
Description
This equation cal cul ates the contaminant concentration in exposed fruit due to wet and dry deposition of
contaminant on the plant surface.
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Table F-3.5. Exposed Fruit Concentration Dueto Air-to-Plant Transfer
Farmer and Home Gardener Scenarios
. CvxBv x VG,
Da
Parameter Definition Value
Pv Concentration of pollutant in the plant due to air-to-plant
transfer (mg/kg) or (Lg/g)
Cv Air concentration of vapor (ug/nt) Waste management
scenario-specific
Bv Air-to-plant biotransfer factor Chemical-specific
([mg pollutant/kg plant tissue DW]/[jg pollutant/g air]) (see Appendix A)
VG, Empirical correction factor for exposed vegetables 0.01
(dimensionless)
D, Density of air (g/cm®) 1.2x 10?3
Description
This equation calcul ates the contaminant concentration in exposed fruit due to direct uptake of vapor phase
contaminantsinto the plant |eaves.
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TableF-3.6. Exposed Fruit Concentration Dueto Root Uptake
Farmer and Home Gardener Scenarios
Pr* S x Br
Param Definition Central Tendency High End
eter
Pr Concentration of pollutant in the plant due to direct
uptake from soil (mg/kg)
S Average soil concentration of pollutant over exposure Calculated
duration (mg/kg) (see TableF-1.1)
Br Plant-soil bioconcentration factor for exposed Chemical-specific
vegetables [ug/g DW]/[ug/g sail] (see Appendix A)
Description
This equation cal culates the contaminant concentration in exposed fruit due to direct uptake of contaminants
from soil.
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TableF-3.7. Root Vegetable Concentration Dueto Root Uptake

Farmer and Home Gardener Scenarios

. S x RCF
bg Kd

S

Pr (organics)

Prbg " S x B  (metals)

Parameter Definition Central Tendency High End
Prig Concentration of pollutant in belowground plant
parts due to root uptake (mg/kg)
S Soil concentration of pollutant (mg/kg) Calculated
(seeTable E-1.1)
RCF Ratio of concentration in roots to concentration in Chemical-specific
soil pore water ([mg pollutant/kg plant tissue FW] (see Appendix A)
/[ug pollutant/mL pore water])
B, Sail to plant biotransfer factor for root vegetables Chemical-specific
(ug pollutant/g plant tissue DW)/(mg pollutant/ (see Appendix A)
g sail)
Kd, Soil-water partition coefficient (mL/g) Chemical-specific
(see Appendix A)
Description

This equation cal cul ates the contaminant concentration in root vegetables due to uptake from the soil water.
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Table F-4.1. Beef Concentration Dueto Plant and Soil I ngestion

Farmer Scenario

A" (EFXQp, x P,%Qsx Sc) x Ba,

Parameter Definition Central Tendency High End
Apess Concentration of pollutant in beef (mg/kg)
F Fraction of plant grown on contaminated 1

soil and eaten by the animal
(dimensionless)

Qp Quantity of plant eaten by the animal each
day (kg plant tissue DW/day)
- beef grain 0.47
- beef silage 25
- beef forage 8.8
P, Tota concentration of pollutant in each Calculated
plant species eaten by the animal (mg/kg) (see TablesF-4.3, F-4.4, F-4.5)
=Pd+Pv+Pr
Qs Quantity of soil eaten by the foraging 05
animal (kg soil/day)
S Soil concentration (mg/kg) Calculated
(see TableE.1.1)
Ba Biotransfer factor for beef (d/kg) Chemical-specific
(see Appendix A)
Description

This eguation cal cul ates the concentration of contaminant in beef from ingestion of forage, silage, grain, and
soil.
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TableF-4.2. Milk Concentration Dueto Plant and Soil I ngestion

Farmer Scenario

AL " (EF xQp, x P.% Qs x &) x Ba

milk

This equation cal cul ates the concentration of contaminant in milk from ingestion of forage, silage, grain, and
soil.

Parameter Definition Central Tendency High End
Aniik Concentration of pollutant in milk (mg/kg)
h F Fraction of plant grown on contaminated soil 1
z and eaten by the animal (dimensionless)
m Qp Quantity of plant eaten by the animal each day
(kg plant tissue DW/day)
z - grain 3.0
- silage 41
: - forage 13.2
u P, Total concentration of pollutant in each plant Cdculated
o species eaten by the animal (mg/kg) = Pd + Pv (see TablesF-4.3, F-4.4, F-4.5)
+ Pr
a Qs Quantity of soil eaten by the foraging animal 04
(kg soil/day)
m S Soil concentration (mg/kg) Calculated
> (see TableF-1.1)
= Bai Biotransfer factor for milk (day/kg) Chemical-specific
: (see Appendix A)
u Description
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Table F-4.3. Forage (Pasture Grass/Hay) Concentration Dueto Direct Deposition

Farmer Scenario
Pd - (Ddep) X Rp X [(1.0 & exp (&kp x Tp)]
Yp x kp
Parameter Definition Central Tendency High End

h Pd Concentration in plant due to direct
z deposition (mg/kg) or (Fg/g)
m Diep Dry deposition of particles (g/mPlyr Modeled

Rp Interception fraction of edible portion of
z plant (dimensionless)

- forage 0.5
: kp Plant surface loss coefficient (1/yr) 18
U Tp Length of the plant exposureto
o deposition of edible portion of plant per
harvest (yrs) 0.12

a - forage

Yp Yield or standing crop biomass of the
[y edible portion of the plant (kg DW/n?) 0.24
> 315.36 Units conversion (mg-m-s/Fg-on-yr)
= Description
: This equation cal culates the contaminant concentration in the plant due to dry particle deposition of
u contaminant on the plant surface.
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Table F-4.4. Forage (Pasture Grass/Hay) Concentration Dueto
Air-to-Plant Transfer
Farmer Scenario
. CvxBvx VGag
Da
Parameter Definition Central Tendency High End
Pv Concentration of pollutant in the plant due to
air-to-plant transfer (mg/kg)
Cv Vapor phase air concentration of pollutant in Modeled
air due to direct emissions (g pollutant/nv)
Bv Air-to-plant biotransfer factor Chemical-specific
(Img pollutant/kg plant tissue DW]/[ug (see Appendix A)
[pollutant/g air])
VG, Empirical correction factor (dimension less) 1.0
D, Density of air (g/cnT) 1.2x10%
Description
This equation cal culates the contaminant concentration in the plant due to direct uptake of vapor phase
contaminants into the plant leaves.
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Table F-4.5. Forage/Silage/Grain Concentraton Dueto Root Uptake
Farmer Scenario
Pr® Scx Br
Parameter Definition Value
Pr Concentration of pollutant in the plant due to direct uptake
from soil (mg/kg)
S Average soil concentration of pollutant over exposure Calculated
duration (mg/kg) (seeTableF-1.1)
Br Plant-soil bioconcentraton factor plant [lug/g DW]/[ug/g soil] Chemical-specific

(see Appendix A)

Description

soil.

This equation cal cul ates the contaminant concentration in the plant due to direct uptake of contaminants from
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TableF-5.1. Contaminant Intake from Sail

h looit = Sl CRi g F il

m Parameter Description Value

z il Daily intake of contaminant from soil (mg/d)

: S Average soil concentration of pollutant over exposure calculated

(@) duration (mg/kg) (see Table F-1.1)

o CRyi Consumption rate of soil (kg/d) varies

a (See Table 5-4 of
Report)

Foi Fraction of consumed soil contaminated (unitless) (See Table 5-6 of
> Report)
=
: Description
u This equation cal culates the daily intake of contaminant from soil consumption. The soil concentration will
z vary with each scenario, and the soil consumption rate varies for children and adults.
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Table F-5.2. Contaminant Intake from Exposed Vegetable Intake

l,, " (Pd% Pv% Pr) i CR i F,

Parameter Description Value
lg Daily intake of contaminant from exposed vegetables
(mgykg Fw)
Pd Concentration in exposed vegetables due to deposition calculated
(mg/kg Dw) (seeTableF-3.1)
Pv Concentration in exposed vegetables due to air-to-plant calculated
transfer (mg/kg Dw) (seeTableF-3.2)
Pr Concentration in exposed vegetables due to root uptake calculated
(mg/kg Dw) (see Table F-3.3)
CR4 Consumption rate of exposed vegetables varies
(kg Dw/d) (See Table 5-4 of Report)
Fa Fraction of exposed vegetables contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of exposed vegetables. The
consumption rate varies for children and adults. The contaminated fraction and the concentration in exposed
vegetables will vary with each scenario.
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Table F-5.3. Contaminant Intake from Exposed Fruit Intake

o™ (PA% Pv% Pr) iCR F,

Parameter Description Value
4 Daily intake of contaminant from exposed fruit (mg/kg Fw)
Pd Concentration in exposed fruit due to deposition (mg/kg calculated
Dw) (seeTableF-3.4)
Pv Concentration in exposed fruit due to air-to-plant transfer calculated
(mg/kg Dw) (seeTableF-3.5)
Pr Concentration in exposed fruit due to root uptake (mg/kg calculated
Dw) (see Table F-3.6)
Cryg Consumption rate of exposed fruit varies
(kg Dw/d) (See Table 5-4 of Report)
Fa Fraction of exposed fruit contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation cal cul ates the daily intake of contaminate from ingestion of exposed fruit. The consumption
rate varies for children and adults. The contaminated fraction and the concentration in exposed fruit will vary
with each scenario.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

F-5.3 September 13, 1999




Appendix F - Equations

Table F-5.4. Contaminant Intake from Root Vegetable Intake

lev . IDrbg @ CRrv @ I:rv

Parameter Description Value
Iy Daily intake of contaminant from root vegetables for
dioxins (mg/kg Fw); metals (mg/kg Dw)
Pr,, Concentration in root vegetables due to deposition for calculated
dioxins (mg/kg Fw); metas (mg/kg Dw) (seeTableF-3.7)
Cr, Consumption rate of root vegetables for dioxins (kg Fw/d); varies
metals (kg Dw/d) (See Table 5-4 of Report)
F. Fraction of root vegetables contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of exposed vegetables. The
consumption rate varies for children and adults. The contaminated fraction and the concentration in exposed
vegetables will vary with each scenario.
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TableF-5.5. Contaminant Intake from Beef and Milk

" ACCRCF
Parameter Description Value
l; Daily intake of contaminant from animal tissue i (mg/d)
A Concentration in animal tissue i (mg/kg Fw) - for Dioxins calculated
and (mg/kg Dw) - for Cadmium (seeTableF-4.1, F-4.2)
CR Consumption rate of animal tissue i (kg Fw/d) - for varies
Dioxins and (Kg Dw/d) - for Cadmium (See Table 5-4 of Report)
F Fraction of animal tissuei contaminated (unitless) varies
(See Table 5-6 of Report)
Description

This equation calculates the daily intake of contaminate from ingestion of animal tissue (wherethe"i" inthe
above equation refersto beef and milk). The consumption rate varies for children and adults and for the type of
animal tissue.
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Appendix F - Equations

Table F-5.6. Contaminant Intake from Fish

Ifish ) Cfish ¢ CRfish ¢ I:fish

Parameter Description Value
i Daily intake of contaminant from fish (mg/d)
Cisn Concentration in fish (mg/kg) calculated
(see Table F-2.18)
Crig Consumption rate of fish (kg/d) varies
(See Table 5-4 of Report)
Fisn Fraction of fish contaminated (unitless) (See Table 5-6 of Report)

Description

This equation cal culates the daily intake of contaminate from ingestion of fish.
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Appendix F - Equations

Table F-5.7. Total Daily Intake

Adult and Child Home Gar dener

. 0 0 0
I Isoil % IevA) IefA) Irv
Farmer

- 0, 0, 0, 0, 0,
L gy % 0o, % 1% 1 % 1% |

soil milk v

Fisher
" g,
Parameter Description Value
I Total daily intake of contaminant (mg/d)
lsoil Daily intake of contaminant from soil (mg/d) calculated
(see Appendix F-5.1)
lo Daily intake of contaminant from exposed vegetables calculated
(see Appendix F-5.2)
g Daily intake of contaminant from exposed fruit (mg/d) calculated
(see Appendix F-5.3)
Iy Daily intake of contaminant from root vegetables calculated
(see Appendix F-5.4)
loeets | mitk Daily intake of contaminant from animal tissue (mg/d) calculated
(see Appendix F-5.5)
i Daily intake of contaminant from fish (mg/d) calculated
(see Appendix F-5.6)

Description

This equation cal culates the daily intake of contaminant on a pathway by pathway basis.
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TableF-5.7. (Continued) Total Daily Intake
= Isoil % Iev % Ibeef % ImiIk % Ifish % Ief % Irv
Parameter Description Value
I Tota daily intake of contaminant (mg/d)
i Daily intake of contaminant from soil (mg/d) calculated
(see Table F-5.1)
lo Daily intake of contaminant from exposed vegetables calculated
(mg/d) (see Table F-5.2)
I Daily intake of contaminant from exposed fruit (mg/d) calculated
(see Table F-5.3)
Iy Daily intake of contaminant from root vegetables fruit calculated
(mg/d) (see Table F-5.4)
loeets | mitk Daily intake of contaminant from animal tissue (mg/d) calculated
(see Table F-5.5)
i Daily intake of contaminant from fish (mg/d) calculated
(see Table F-5.6)
Description
This equation calculates the daily intake of contaminate viaall indirect pathways.
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Table F-5.8. Individual Cancer Risk: Carcinogens
. i 0 0
Cancer Risk " | § ED { EF § CSF
BW i AT § 365
Parameter Description Value
Cancer Risk Individual lifetime cancer risk (unitless)
I Tota daily intake of contaminant (mg/d) calculated
(see Table F-5.6)
ED Exposure duration (yr) varies
(See Table 5-5 of Report)
EF Exposure frequency (day/yr) 350
BW Body weight (kg) adult: 70
child: varies
AT Averaging time (yr) 70
365 Units conversion factor (day/yr)
CSF Ora cancer slope factor (per mg/kg/d) chemical -specific
(see Appendix A)
Description
This equation calculates the individual cancer risk from indirect exposure to carcinogenic chemicals. The body
weight varies for the child. The exposure duration variesfor different scenarios.
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Table F-5.9. Hazard Quotient: Noncar cinogens
. I
HQ
BW{ RfD
Parameter Description Value
HQ Hazard quotient (unitless)
I Tota daily intake of contaminant (mg/d) calculated
(see Table F-5.6)
BW Body weight (kg) adult: 70
child: varies
RfD Reference Dose (mg/kg/d) chemical-specific
(see Appendix A)
Description
This equation cal cul ates the hazard quotient for indirect exposure to noncarcinogenic chemicals. The body
weight varies for the child.
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Table F-5.10 Total Cancer Risk for Farmer Scenario: Carcinogens

Total Cancer Risk * IiCancer Risk;

Parameter Definition Value

Total Cancer Risk Total individual lifetime cancer risk for all chemicals

(unitless)
Cancer Risk; Individual lifetime cancer risk for chemical carcinogen | calculated
(unitless) (see Table F-5.7)

Description

For carcinogens, cancer risks are added across al carcinogenic chemicals.
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Appendix F - Equations

Table F-5.11 Hazard Index for Specific Organ Effectsfor

Noncar cinogens

Farmer Scenario:

HI j " 7i HQ,
Parameter Definition Value
Hi; Hazard index for specific organ effect j (unitless)
HQ, Hazard quotient for chemical | with specific organ effect j calculated
(unitless) (see Table F-5.9)

Description

For noncancer health effects, hazard quotients are added across chemicals when they target the same organ to
calculate an overall hard index.
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Table F-6.1 Inhalation Cancer Risk for Individual Chemicals from Unit Risk
Factor: Carcinogens

Cancer Risk - C,CURF

Parameter Description Value
Cancer Risk Individual Lifetime cancer risk (unitless)
C, Concentration in air (Fg/m®) calculated
UFR Inhalation Unit Risk Factor (per Fg/m?®) chemical -specific
(see Appendix A)
Description

This equation calculates the inhalation cancer risk for individual constituents using the Unit Risk
Factor.
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Table F-6.2. Inhalation Cancer Risk for Individual Chemicalsfrom Carcinogenic Slope
Factor: Carcinogens

Cancer Risk = ADI CCSF,

C,CIRCETCEF C ED C 0.001 mg/ug
BW C AT C 365 day/yr

Parameter Description Value
Cancer Risk Individual lifetime cancer risk (unitless)
ADI Average daily intake viainhalation (mg/kg/day)
IR Inhalation rate (m/hr) Varies

(See Table 5-4 of Report)
ET Exposure time (hr/day) 24
EF Exposure frequency (day/yr) 350
BW Body weight (kg) Adult=70
Child = varies
AT Averaging time (yr) 70
CSF., Inhalation Carcinogenic slope Factor (per mg/kg/day) chemical-specific
(see Appendix A)
Description

This eguation calculates the inhalation cancer risk for individual constituents using the Carcinogenic Slope
Factor.
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Table F-6.3. Inhalation Hazard Quotient for Individual Chemicals. Noncarcinogens

C, € 0.001 mg/ug

RfC
Parameter Description Value
HQ Hazard quotient (unitless)
C. Concentration in air (ug/nv) calculated
RfC Reference concentration (mg/m?) chemical-specific
(see Appendix A)
Description

This equation cal culates the inhalation hazard quotient for individual constituents.
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Appendix F - Equations

TableF-6.4 Total Inhalation Cancer Risk: Carcinogens

Total Cancer Risk * IiCancer Risk;

Parameter Definition Value
Total Cancer Risk Total individual lifetime cancer risk for all chemicals
(unitless)
Cancer Risk; Individual lifetime cancer risk for chemical carcinogen | calculated
(unitless) (see TablesF-6.1, F-6.2)

Description

For carcinogens, cancer risks are added across al carcinogenic chemicals.
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Appendix F - Equations

TableF-6.5 Hazard Index for Inhalation: Noncarcinogens
HE I HQ,
|
Parameter Definition Value
Hiin Hazard index for inhalation (unitless)
HQ, Hazard quotient for chemical | (unitless) calculated
(see Table F-6.3)

Description

overall hazard index.

For noncancer health effects, hazard quotients are added across chemicals when the same organ to calculate an

F-5.5

September 13, 1999
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Waste Partitioning Model Used for Agricultural
Soil Amendment Scenario
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Appendix G

Waste Partitioning M odel

A spreadsheet calculation model was used to determine the contaminant losses from land
applied FBC wastes used as agricultural soil amendment due to degradation, leaching, and
rainwater runoff. The model tracks the average annual soil concentration and the annual mass of
contaminant losses for the active life of the agricultural field (100 years) followed by 40 years of
inactive use.

Thetotal concentration of contaminant in the soil can be expressed as the sum of the masses
of contaminant adsorbed on the soil and dissolved in the liquid divided by the total mass of
contaminated soil as follows:

Cr=Cs+ 2, CyDy (1)

where

total contaminant concentration (mg/kg = g/Mg)

concentration of contaminant adsorbed on soil (mg/kg = g/MQg)
water-filled soil porosity (M, ae/Mgwi)

concentration of contaminant in liquid (ug/cn?® = g/n)

soil dry bulk density (g/cn® = Mg/nv)

SHOHPOO

The adsorbed contaminant concentration is assumed to be linearly related to the liquid
phase concentration as follows:

C.=K4C, (2
where

Ky = soil-water partition coefficient (cm?/g = m¥Mg)

Equations 2 and 3 assume linear equilibrium partitioning between the adsorbed
contaminant and the dissolved contaminant. Combining Equations 1 and 2 yields:

CT = CS(2W/(KdDb)) (3)

Thetotal contaminant concentration, Cy, represents the measured soil concentration.
However, it is the adsorbed soil concentration that is used to calculate the equilibrium partitioning
equations. Equation 3 can be rearranged to cal culate the adsorbed soil contaminant concentration
given the total contaminant concentration as follows:

Cs=Cr Ky Dy/(Kg Dy + 2). 4)

G-1
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The total mass of contaminant applied to the soil during the first annual application can be
calculated as follows:

Ms,app = (CT Qapp) X 1—yr (5)

where
Msapp = Mass of contaminant in soil from waste application, g
Qapp = annual waste application rate, Mglyr.

Contaminant loss to the rain water runoff, or to leachate is calculated from the mass flux of
contaminant across the boundaries of the land treatment unit. Contaminant loss through degradation
is estimated from contaminant half-livesin soil. Asall of these mechanisms compete for the
removal of the contaminant, apparent first order rate constants were developed for each removal
pathway based on the total soil concentration (C;). For agiven pathway, the first order rate
equation is:

(*Cr/*) = - kapp Cr (6)

where
the apparent first order rate constant, 1/sec
time, sec.

Kap

For small time steps, Equation 6 can be solved for Ky, as follows:

Kapp = { 1= (Msgsai /Mg )} (31) (7)

where
Mswae = Mass of contaminant in soil at time t+2t, g
Ms; = mass of contaminant in soil a timet, g
at = time step of calculation, sec

The mass flux loss of a contaminant due to leaching is estimated by assuming the leachate
isin equilibrium with the soil (i.e., Equation 2 applies).

Jeacnt = Cr Dy (0.01V,)/(Dp Ky + 2,) (8)

Jeacny = contaminant flux in leachate at time t, g/n?-s
V.= (P+1-R-E)/(365 x 24 x 3600] = leachate rate (cm/sec)
= annual average precipitation rate (cm/yr)
= annua average irrigation rate (cm/yr)
= annual average runoff rate (cm/yr)

G-2
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The leaching flux rate can be converted to afirst order rate constant as follows:

kapp,leach = (‘]Ieacht )(A/Mst ) (9)

where
A = area of contaminant source, Nt .

The equation describing the mass flux loss of a contaminant due to runoff is nearly identica
to Equation 9, because the runoff is also assumed to be in equilibrium with the contaminated soil.
Consequently, the total mass rate of contaminant |oss due to runoff is:

Junotre = Cr Dy (0.01VR)/(Dy Ky + 2,,) (10)
where
Junoify = CONtaminant run-off rate at timet, g/n-s
Vr = R/(365 x 24 x 3600] = runoff rate (cm/sec).
Then,

kapp,runoff = (Jrunoff,t )(A/ Mst ) (11)

First order biodegradation rates (and hydrolysis rates, if applicable) are input to the model
from reported literature values or calculated from reported contaminant half-lives. The overall
apparent first order disappearance rate is smply the sum of all of theindividual first order rate
constants.

kapp,overall = kapp,leach + kapp,runoff + kapp,bio + kapp,hyd (12)

The total mass lost from the system is calculated from the overall first order rate constant
asfollows:

aMtot = Mst [1 'eXp(‘ kapp,overall at)] (13)

where
aM, = total mass of contaminant loss from the system, g.

The mass |lost from the system based on any one pathway is calculated from the total mass
lost from the system, the ratio of that pathway's apparent first order rate constant, and the overall
first order rate constant as follows:

aMpthway = aMtot ( ka\pp,paihway / kapp,overall ) (14)

After each timeinterval, the mass of constituent remaining in the soil is calculated. Itis
assumed that the contaminant concentrations are uniform over the tilling depth at the beginning of
each timeinterval. The model does not attempt to assess the temporal concentration profiles (asa

G-3
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function of depth). This assumption is reasonable for active land treatment units that are tilled
regularly.

Mass additions to the system occur during waste application. The depth of material added
during an application is generaly negligible; however, some model scenarios could have
significant waste material accumulation over 100 years depending on the tilling depth, application
rate, and other factors. Consequently, the net mass of contaminant added to the agricultural field at
the start of Year 1 through Year 100is:

Msapp = Cr Qapp [1 - { (Qappx 1-yr)/(A Dy )} /d] x 1-yr (15)

where
dtill = t|”|ng depth

G4
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Appendix H
Human Health Results

Viewing Human Health Results Tables:

For al result tables, the first column (labeled “ Parameters Set to High-end”) indicates the
input parameters(s) that were set to their high-end value for that particular model run.

Thefirst row of resultsislabeled “ Central Tendency.” Thisrow reflects results for the
model run where all input parameters are set to their central tendency value.

The single high-end results correspond to the model runsin which only one input parameter
was set at its high-end vaue.

Following the single-high-end model results all double-high-end model results are
presented.

Results for the ingestion pathway are the summed results from al ingested contaminated
media. For example, the ingestion result for the adult resident is the summed risk or hazard
quotient for soil ingestion, fruit ingestion, bel ow-ground vegetable ingestion, and above-
ground vegetable ingestion.

Results are presented in standard notation for non-carcinogens (e.g., 0.01) and in scientific
notation (e.g., 3E-6) for carcinogens.

All results that exceed threshold values (defined as 1.0 for non-carcinogens and 1E-6 for
carcinogens) are italicized with abold border around the cell.

The maximum result for each constituent is bolded as well as being italicized and having a
bold border.

Key to Table Numbers:

Thefirst set of results (all results labeled H1-*) are for ingestion pathway results.
The second set of results (results labeled H2-*) are for the inhalation pathway.
All H1 results are presented first and then H2 results are presented.

The number after the dash (i.e., H1-*) refers to the waste stream/waste management unit
combination (see Figure H-1 below).

Thefina letter in the Table number (i.e., H1-3*) refers to the receptor (see Figure H-1
below). Note: because the home gardener and adult resident scenarios are combined,
and because inhalation is not assessed for thefisher, there are no receptorslabeled
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“d” or “¢€’ for theinhalation pathway. Also, asdiscussed in Section 4.4 of thereport,
the inhalation pathway for FBC wastes used as agricultural soil amendment was not

assessed; therefore, there are noinhalation results for waste management option 77
in the chart below.

The following chart can be used to expedite searches for specific resultstables. The
column titles present all possibilities for the variables within the particular part of the title
name. What each of these variables stands for is presented in the cells below it.

FigureH-1. Chart for Use When Reading Results Tables

H 1-2 1-7 a-e
Appendix No. | 1=Ingestion 1 = Utility coal, co-managed a= Farmer
pathway wastes onsite landfil
2 =Inhalation 2 = Utility coal, co-managed waste | b = Child
pathway dewatered surface impoundment

3 = Utility oil wastes managed in
onsite landfill

¢ = Adult Resident

4 = Non-utility coa co-managed
wastes in onsite landfill

d = Home Gardener

5 = Non-utility coa co-managed
wastes in offsite landfill

3 =Fisher

6 = FBC wastes managed in onsite
landfill

7 = FBC wastes used as
agricultura soil amendment




Table H1-1la Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Waste Managed in an Onsite Landfill

[lParameters Set to High-end Nickel Silver | Thallium Arsenic | Barium | Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.00005 | 0.00002 0.003 6.7E-08 0.001 1.3E-08 0.0000004 0.0007 0.00004 0.000005 | 0.000006
h Single High-end Parameter
Long Exposure 0.00005 | 0.00002 0.003 2.7E-07 0.001 5.2E-08 0.0000004 0.0007 0.00004 0.000005 | 0.000006
z Beef intake 0.0001 | 0.00002 0.03 8.2E-08 0.001 2.5E-08 0.0000004 0.0007 0.0001 0.00002 0.000007
Dairy Intake 0.0001 | 0.00009 0.006 2.1E-07 0.002 1.3E-08 0.0000004 0.0007 0.0001 0.00001 0.00002
m Exposed Veg. Intake 0.00007 | 0.00002 0.004 7.6E-08 0.002 2.1E-08 0.0000007 0.001 0.00004 0.000007 | 0.000007
Root Veg. Intake 0.00007 | 0.00002 0.004 7.4E-08 0.002 1.7E-08 0.0000004 0.001 0.00004 0.000005 | 0.000007
E Fruit Intake 0.00009 | 0.00002 0.004 8.8E-08 0.004 3.3E-08 0.000002 0.002 0.00005 0.000009 | 0.000008
Waste Concentration 0.0001 | 0.00005 0.008 6.0E-07 0.01 2.4E-08 0.000001 0.003 0.0002 0.000007 0.0002
:’ Adult Soil Intake 0.00005 | 0.00002 0.004 6.8E-08 0.001 1.7E-08 0.0000005 0.0007 0.00004 0.000006 | 0.000006
u Meteorological Location 0.00006 | 0.00002 0.004 7.8E-08 0.002 1.6E-08 0.0000004 0.0008 0.00004 0.000007 | 0.000005
Distance to Receptor 0.00006 | 0.00006 0.006 1.1E-07 0.001 1.8E-08 0.000001 0.0008 0.00008 0.00001 0.00001
o WMU Area 0.0002 | 0.00008 0.01 2.8E-07 0.006 6.0E-08 0.000001 0.003 0.0001 0.00002 0.00001
Double High-end Parameters
a Beef Intake/ Long Exposure 0.0001 | 0.00002 0.03 3.3E-07 0.001 1.0E-07 0.0000004 0.0007 0.0001 0.00002 0.000007
Dairy Intake/Long Exposure 0.0001 | 0.00009 0.006 8.5E-07 0.002 5.3E-08 0.0000004 0.0007 0.0001 0.00001 0.00002
Exposed Veg. Intake/ Long Exposure 0.00007 | 0.00002 0.004 3.0E-07 0.002 8.6E-08 0.0000007 0.001 0.00004 0.000007 | 0.000007
m Root Veg. Intake/Long Exposure 0.00007 | 0.00002 0.004 3.0E-07 0.002 6.9E-08 0.0000004 0.001 0.00004 0.000005 | 0.000007
Fruit Intake/ Long Exposure 0.00009 | 0.00002 0.004 3.5E-07 0.004 1.3E-07 0.000002 0.002 0.00005 0.000009 | 0.000008
> Waste Concentration/Long Exposure 0.0001 | 0.00005 0.008 2.4E-06 0.01 9.8E-08 0.000001 0.003 0.0002 0.000007 0.0002
H Adult Soil Intake/Long Exposure 0.00005 | 0.00002 0.004 2.7E-07 0.001 7.0E-08 0.0000005 0.0007 0.00004 0.000006 | 0.000006
Meteorlogical Location/Long Exposure 0.00006 | 0.00002 0.004 3.1E-07 0.002 6.4E-08 0.0000004 0.0008 0.00004 0.000007 | 0.000005
: Distance to Receptor/Long Exposure 0.00006 | 0.00006 0.006 4.6E-07 0.001 7.4E-08 0.000001 0.0008 0.00008 0.00001 0.00001
WMU Area/Long Exposure 0.0002 | 0.00008 0.01 1.1E-06 0.006 2.4E-07 0.000001 0.003 0.0001 0.00002 0.00001
u Beef Intake/ Dairy Intake 0.0002 | 0.00009 0.03 2.3E-07 0.002 2.5E-08 0.0000004 0.0007 0.0002 0.00003 0.00002
u Beef Intake/ Exposed Veg. Intake 0.0002 | 0.00002 0.03 9.1E-08 0.002 3.3E-08 0.0000007 0.001 0.0001 0.00003 0.000007
Beef Intake/Root Vegetable Intake 0.0002 | 0.00002 0.03 8.9E-08 0.002 2.9E-08 0.0000004 0.001 0.0001 0.00002 0.000007
q Beef Intake/Fruit Intake 0.0002 | 0.00003 0.03 1.0E-07 0.004 4.5E-08 0.000002 0.002 0.0001 0.00003 0.000008
Beef Intake/ Waste Concentration 0.0004 | 0.00006 0.06 7.3E-07 0.02 4.7E-08 0.000001 0.003 0.0005 0.00003 0.0003
Beef Intake/Adult Soil Intake 0.0001 | 0.00002 0.03 8.3E-08 0.001 2.9E-08 0.0000005 0.0007 0.0001 0.00002 0.000007
¢ Beef Intake/Meteorological Location 0.0003 | 0.00002 0.03 9.5E-08 0.002 3.0E-08 0.0000004 0.0008 0.0001 0.00003 0.000006
Beef Intake/Distance to Receptor 0.0003 | 0.00007 0.05 1.4E-07 0.002 3.8E-08 0.000001 0.0008 0.0003 0.00005 0.00001
n Beef Intake/WMU Area 0.0008 | 0.00008 0.1 3.5E-07 0.006 1.1E-07 0.000001 0.003 0.0004 0.0001 0.00001
m Dairy Intake/Exposed Vegetable Intake 0.0001 | 0.00009 0.007 2.2E-07 0.002 2.1E-08 0.0000007 0.001 0.0001 0.00001 0.00002
Dairy Intake/Root Vegetable Intake 0.0001 | 0.00009 0.007 2.2E-07 0.002 1.7E-08 0.0000004 0.001 0.0001 0.00001 0.00002
Dairy Intake/Fruit Intake 0.0002 | 0.00009 0.007 2.3E-07 0.004 3.3E-08 0.000002 0.002 0.0001 0.00002 0.00002
m' Dairy Intake/Waste Concentration 0.0003 | 0.0002 0.01 1.9E-06 0.02 2.5E-08 0.000001 0.003 0.0005 0.00001 0.0009
: Dairy Intake/Adult Soil Intake 0.0001 | 0.00009 0.007 2.1E-07 0.002 1.8E-08 0.0000005 0.0007 0.0001 0.00001 0.00002
Dairy Intake/ Meteorological Location 0.0001 | 0.00008 0.008 2.4E-07 0.002 1.6E-08 0.0000004 0.0008 0.00009 0.00001 0.00002
Dairy Intake/Distance to Receptor 0.0001 | 0.0002 0.01 3.7E-07 0.002 1.9E-08 0.000001 0.0008 0.0002 0.00002 0.00005

9/16/99 Ingest_Results-CA-LF.xls
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Table H1-1la Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Waste Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Dairy Intake/ WMU Area 0.0005 | 0.0003 0.03 8.8E-07 0.008 6.0E-08 0.000001 0.003 0.0003 0.00005 0.00005
Exposed Veg. Intake/ Root Veg. Intake 0.00008 | 0.00002 0.004 8.3E-08 0.002 2.6E-08 0.0000007 0.002 0.00005 0.000007 | 0.000007
Exposed Veg. Intake/ Fruit Intake 0.0001 | 0.00002 0.004 9.7E-08 0.004 4.2E-08 0.000002 0.003 0.00006 0.00001 0.000008
Exposed Veg. Intake/Waste Concentration 0.0002 | 0.00005 0.009 6.8E-07 0.03 4.0E-08 0.000002 0.005 0.0002 0.000008 0.0003
Exposed Veg. Intake/Adult Soil Intake 0.00007 | 0.00002 0.004 7.7E-08 0.002 2.6E-08 0.0000007 0.001 0.00004 0.000007 | 0.000007
Exposed Veg. Intake/Meteorological Location 0.00009 | 0.00002 0.004 8.9E-08 0.003 2.6E-08 0.0000007 0.002 0.00004 0.000008 | 0.000006
Exposed Veg. Intake/Distance to Receptor 0.00009 | 0.00006 0.006 1.3E-07 0.003 3.0E-08 0.000002 0.002 0.00009 0.00001 0.00001
Exposed Veg. Intake/WMU Area 0.0003 | 0.00008 0.02 3.2E-07 0.01 9.8E-08 0.000002 0.007 0.0002 0.00003 0.00001
Root Veg. Intake/Fruit Intake 0.0001 | 0.00002 0.004 9.5E-08 0.004 3.8E-08 0.000002 0.003 0.00006 0.000009 | 0.000008
Root Veg. Intake/Waste Concentration 0.0002 | 0.00005 0.008 6.6E-07 0.02 3.2E-08 0.000001 0.005 0.0002 0.000007 0.0003
Root Veg. Intake/Adult Soil Intake 0.00007 | 0.00002 0.004 7.5E-08 0.002 2.2E-08 0.0000005 0.001 0.00005 0.000006 | 0.000007
Root Veg. Intake/Meteorological Location 0.00008 | 0.00002 0.004 8.7E-08 0.002 2.1E-08 0.0000004 0.001 0.00005 0.000007 | 0.000007
Root Veg. Intake/Distance to Receptor 0.00008 | 0.00006 0.006 1.2E-07 0.002 2.3E-08 0.000001 0.001 0.00009 0.00001 0.00001
Root Veg. Intake/WMU Area 0.0003 | 0.00008 0.02 3.2E-07 0.008 8.0E-08 0.000001 0.006 0.0002 0.00002 0.00002
Fruit Intake/Waste Concentration 0.0002 | 0.00006 0.01 7.9E-07 0.05 6.2E-08 0.000004 0.009 0.0002 0.00001 0.0003
Fruit Intake/Adult Soil Intake 0.00009 | 0.00002 0.004 9.0E-08 0.004 3.8E-08 0.000002 0.002 0.00005 0.000009 | 0.000008
Fruit Intake/Meteorological Location 0.0001 | 0.00002 0.004 1.0E-07 0.005 4.0E-08 0.000001 0.002 0.00005 0.00001 0.000007
Fruit Intake/Distance to Receptor 0.0001 | 0.00007 0.006 1.5E-07 0.005 5.0E-08 0.000005 0.002 0.0001 0.00001 0.00002
Fruit Intake/WMU Area 0.0004 | 0.00008 0.02 3.8E-07 0.02 1.5E-07 0.000005 0.01 0.0002 0.00004 0.00002
Waste Concentration/Adult Soil Intake 0.0001 | 0.00005 0.009 6.1E-07 0.01 3.3E-08 0.000002 0.003 0.0002 0.000007 0.0003
Waste Concentration/Meteorological Location 0.0002 | 0.00005 0.009 6.9E-07 0.02 3.0E-08 0.000001 0.003 0.0002 0.000007 0.0003
Waste Concentration/Distance to Receptor 0.0002 0.0001 0.01 1.0E-06 0.02 3.4E-08 0.000004 0.003 0.0003 0.00001 0.0008
Waste Concentration/WMU Area 0.0006 0.0002 0.03 2.5E-06 0.08 1.1E-07 0.000003 0.01 0.0006 0.00003 0.0009
Adult Soil Intake/Meteorological Location 0.00007 | 0.00002 0.004 8.0E-08 0.002 2.2E-08 0.0000006 0.0008 0.00004 0.000007 | 0.000005
Adult Soil Intake/Distance to Receptor 0.00007 | 0.00006 0.006 1.2E-07 0.001 2.4E-08 0.000001 0.0008 0.00008 0.00001 0.00001
Adult Soil Intake/WMU Area 0.0003 | 0.00008 0.02 2.9E-07 0.006 8.1E-08 0.000002 0.003 0.0002 0.00003 0.00001
Meteorological Location/Distance to Receptor 0.00009 | 0.00006 0.006 1.3E-07 0.002 2.2E-08 0.000001 0.001 0.00008 0.00001 0.00001
Meteorological Location/WMU Area 0.0003 | 0.00008 0.02 3.4E-07 0.008 7.4E-08 0.000001 0.004 0.0001 0.00003 0.00001
Distance to Receptor/WMU Area 0.00009 | 0.0001 0.01 1.9E-07 0.002 2.5E-08 0.000003 0.0008 0.0002 0.00002 0.00003

9/16/99
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Table H1-1b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.0031 | 0.00004 0.21 7.9E-07 0.041 2.4E-06 0.00006 0.0093 0.003 0.00031 | 0.000076
h Single High-end Parameter
Long Exposure 0.0031 | 0.00004 0.21 9.9E-07 0.041 2.7E-06 0.00006 0.0093 0.003 0.00031 | 0.000076
z Beef intake 0.0031 | 0.000042 0.22 8.0E-07 0.041 2.4E-06 0.00006 0.0093 0.0031 0.00031 | 0.000077
Dairy Intake 0.0031 | 0.00008 0.21 8.6E-07 0.041 2.4E-06 0.00006 0.0093 0.0031 0.00031 0.00008
m Exposed Veg. Intake 0.0031 | 0.000041 0.21 8.0E-07 0.042 2.4E-06 0.00006 0.0098 0.003 0.00031 | 0.000077
E Root Veg. Intake 0.0031 | 0.00004 0.21 7.9E-07 0.041 2.4E-06 0.00006 0.0094 0.003 0.00031 | 0.000077
Fruit Intake 0.0031 | 0.000043 0.21 8.1E-07 0.043 2.4E-06 0.000061 0.011 0.0031 0.00031 | 0.000078
: Waste Concentration 0.0072 | 0.000082 0.51 7.1E-06 0.41 4.4E-06 0.0002 0.041 0.01 0.00041 0.0043
Adult Soil Intake 0.0031 | 0.00004 0.21 8.1E-07 0.041 2.4E-06 0.00006 0.0093 0.003 0.00031 | 0.000076
U Child Soil Intake 0.0071 | 0.000051 0.61 2.0E-06 0.1 6.0E-06 0.0002 0.02 0.007 0.00081 0.00021
Meteorological Location 0.0031 | 0.000031 0.31 9.8E-07 0.041 2.9E-06 0.00008 0.01 0.003 0.00041 | 0.000096
o Distance to Receptor 0.0041 | 0.000093 0.41 1.4E-06 0.061 3.9E-06 0.0001 0.01 0.0041 0.00052 0.00012
WMU Area 0.0062 0.0001 0.54 1.8E-06 0.094 5.2E-06 0.0001 0.022 0.0052 0.00063 0.00022
a Double High-end Parameters
Beef Intake/ Long Exposure 0.0031 | 0.000042 0.22 1.0E-06 0.041 2.7E-06 0.00006 0.0093 0.0031 0.00031 | 0.000077
m Dairy Intake/Long Exposure 0.0031 | 0.00008 0.21 1.1E-06 0.041 2.7E-06 0.00006 0.0093 0.0031 0.00031 0.00008
Exposed Veg. Intake/ Long Exposure 0.0031 | 0.000041 0.21 1.0E-06 0.042 2.7E-06 0.00006 0.0098 0.003 0.00031 | 0.000077
> Root Veg. Intake/Long Exposure 0.0031 | 0.00004 0.21 9.9E-07 0.041 2.7E-06 0.00006 0.0094 0.003 0.00031 | 0.000077
H Fruit Intake/ Long Exposure 0.0031 | 0.000043 0.21 1.0E-06 0.043 2.8E-06 0.000061 0.011 0.0031 0.00031 | 0.000078
Waste Concentration/Long Exposure 0.0072 | 0.000082 0.51 8.8E-06 0.41 5.1E-06 0.0002 0.041 0.01 0.00041 0.0043
: Adult Soil Intake/Long Exposure 0.0031 | 0.00004 0.21 1.1E-06 0.041 3.2E-06 0.00006 0.0093 0.003 0.00031 | 0.000076
Child Soil Intake/Long Exposure 0.0071 | 0.000051 0.61 2.2E-06 0.1 6.4E-06 0.0002 0.02 0.007 0.00081 0.00021
u Meteorological Location/Long Exposure 0.0031 | 0.000031 0.31 1.2E-06 0.041 3.3E-06 0.00008 0.01 0.003 0.00041 | 0.000096
u Distance to Receptor/Long Exposure 0.0041 | 0.000093 0.41 1.7E-06 0.061 4.5E-06 0.0001 0.01 0.0041 0.00052 0.00012
WMU Area/Long Exposure 0.0062 0.0001 0.54 2.4E-06 0.094 6.0E-06 0.0001 0.022 0.0052 0.00063 0.00022
q Beef Intake/ Dairy Intake 0.0031 | 0.000082 0.22 8.6E-07 0.041 2.4E-06 0.00006 0.0093 0.0031 0.00032 | 0.000081
Beef Intake/ Exposed Veg. Intake 0.0031 | 0.000042 0.22 8.0E-07 0.042 2.4E-06 0.00006 0.0098 0.0031 0.00031 | 0.000077
Beef Intake/Root Vegetable Intake 0.0031 | 0.000042 0.22 8.0E-07 0.041 2.4E-06 0.00006 0.0094 0.0031 0.00031 | 0.000077
ﬁ Beef Intake/Fruit Intake 0.0032 | 0.000044 0.22 8.1E-07 0.043 2.4E-06 0.000061 0.011 0.0031 0.00032 | 0.000079
n Beef Intake/Waste Concentration 0.0073 | 0.000084 0.53 7.1E-06 0.41 4.4E-06 0.0002 0.041 0.01 0.00042 0.0043
Beef Intake/Adult Soil Intake 0.0031 | 0.000042 0.22 8.1E-07 0.041 2.4E-06 0.00006 0.0093 0.0031 0.00031 | 0.000077
m Beef Intake/Child Soil Intake 0.0071 | 0.000053 0.62 2.0E-06 0.1 6.0E-06 0.0002 0.02 0.0071 0.00081 0.00021
Beef Intake/Meteorological Location 0.0031 | 0.000032 0.32 9.8E-07 0.041 2.9E-06 0.00008 0.01 0.0031 0.00042 | 0.000096
m Beef Intake/Distance to Receptor 0.0042 | 0.000095 0.43 1.4E-06 0.061 3.9E-06 0.0001 0.01 0.0042 0.00053 0.00012
Beef Intake/WMU Area 0.0064 | 0.00011 0.58 1.8E-06 0.094 5.2E-06 0.0001 0.022 0.0052 0.00067 0.00022
: Dairy Intake/Exposed Vegetable Intake 0.0031 | 0.000081 0.21 8.6E-07 0.042 2.4E-06 0.00006 0.0098 0.0031 0.00031 | 0.000081
Dairy Intake/Root Vegetable Intake 0.0031 | 0.00008 0.21 8.6E-07 0.041 2.4E-06 0.00006 0.0094 0.0031 0.00031 | 0.000081
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Table H1-1b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Dairy Intake/Fruit Intake 0.0032 | 0.000083 0.21 8.7E-07 0.044 2.4E-06 0.000061 0.011 0.0031 0.00032 | 0.000082
Dairy Intake/Waste Concentration 0.0073 | 0.00012 0.52 7.6E-06 0.41 4.4E-06 0.0002 0.041 0.01 0.00042 0.0047
Dairy Intake/ Adult Soil Intake 0.0031 | 0.00008 0.21 8.7E-07 0.041 2.4E-06 0.00006 0.0093 0.0031 0.00031 0.00008
Dairy Intake/ Child Soil Intake 0.0071 | 0.000091 0.61 2.0E-06 0.1 6.0E-06 0.0002 0.02 0.0071 0.00081 0.00021
Dairy Intake/ Meteorological Location 0.0031 | 0.000071 0.31 1.1E-06 0.041 2.9E-06 0.00008 0.01 0.0031 0.00042 0.0001
Dairy Intake/Distance to Receptor 0.0041 | 0.00022 0.42 1.5E-06 0.061 3.9E-06 0.0001 0.01 0.0041 0.00052 0.00014
Dairy Intake/WMU Area 0.0064 | 0.00022 0.54 2.1E-06 0.095 5.2E-06 0.0001 0.022 0.0053 0.00065 0.00024
Exposed Veg. Intake/ Root Veg. Intake 0.0031 | 0.000041 0.21 8.0E-07 0.042 2.4E-06 0.00006 0.0099 0.003 0.00031 | 0.000077
Exposed Veg. Intake/ Fruit Intake 0.0031 | 0.000043 0.21 8.1E-07 0.044 2.4E-06 0.000061 0.012 0.0031 0.00031 | 0.000079
Exposed Veg. Intake/Waste Concentration 0.0072 | 0.000084 0.51 7.1E-06 0.42 4.4E-06 0.0002 0.043 0.01 0.00041 0.0043
Exposed Veg. Intake/Adult Soil Intake 0.0031 | 0.000041 0.21 8.1E-07 0.042 2.4E-06 0.00006 0.0098 0.003 0.00031 | 0.000077
Exposed Veg. Intake/Child Soil Intake 0.0071 | 0.000052 0.61 2.0E-06 0.1 6.0E-06 0.0002 0.021 0.007 0.00081 0.00021
Exposed Veg. Intake/Meteorological Location 0.0031 | 0.000032 0.31 9.8E-07 0.042 2.9E-06 0.00008 0.011 0.003 0.00041 | 0.000096
Exposed Veg. Intake/Distance to Receptor 0.0041 | 0.000094 0.41 1.4E-06 0.062 3.9E-06 0.0001 0.011 0.0041 0.00052 0.00012
Exposed Veg. Intake/WMU Area 0.0063 | 0.00011 0.54 1.8E-06 0.098 5.2E-06 0.0001 0.024 0.0052 0.00064 0.00022
Root Veg. Intake/Fruit Intake 0.0031 | 0.000043 0.21 8.1E-07 0.043 2.4E-06 0.000061 0.011 0.0031 0.00031 | 0.000078
Root Veg. Intake/Waste Concentration 0.0072 | 0.000082 0.51 7.1E-06 0.41 4.4E-06 0.0002 0.042 0.01 0.00041 0.0043
Root Veg. Intake/Adult Soil Intake 0.0031 | 0.00004 0.21 8.1E-07 0.041 2.4E-06 0.00006 0.0094 0.003 0.00031 | 0.000077
Root Veg. Intake/Child Soil Intake 0.0071 | 0.000051 0.61 2.0E-06 0.1 6.0E-06 0.0002 0.02 0.007 0.00081 0.00021
Root Veg. Intake/Meteorological Location 0.0031 | 0.000031 0.31 9.8E-07 0.041 2.9E-06 0.00008 0.01 0.003 0.00041 | 0.000096
Root Veg. Intake/Distance to Receptor 0.0041 | 0.000093 0.41 1.4E-06 0.061 3.9E-06 0.0001 0.01 0.0041 0.00052 0.00012
Root Veg. Intake/WMU Area 0.0063 0.0001 0.54 1.8E-06 0.094 5.2E-06 0.0001 0.022 0.0052 0.00063 0.00022
Fruit Intake/Waste Concentration 0.0073 | 0.000087 0.52 7.2E-06 0.43 4.4E-06 0.0002 0.047 0.01 0.00041 0.0044
Fruit Intake/Adult Soil Intake 0.0031 | 0.000043 0.21 8.3E-07 0.043 2.4E-06 0.000061 0.011 0.0031 0.00031 | 0.000078
Fruit Intake/Child Soil Intake 0.0071 | 0.000054 0.61 2.0E-06 0.1 6.1E-06 0.0002 0.022 0.0071 0.00081 0.00021
Fruit Intake/Meteorological Location 0.0031 | 0.000034 0.31 1.0E-06 0.044 2.9E-06 0.000081 0.012 0.0031 0.00041 | 0.000097
Fruit Intake/Distance to Receptor 0.0041 | 0.000098 0.41 1.4E-06 0.063 3.9E-06 0.0001 0.012 0.0041 0.00052 0.00012
Fruit Intake/WMU Area 0.0064 | 0.00011 0.54 1.9E-06 0.1 5.2E-06 0.0001 0.029 0.0052 0.00065 0.00023
Waste Concentration/ Adult Soil Intake 0.0072 | 0.000082 0.51 7.2E-06 0.41 4.5E-06 0.0002 0.041 0.01 0.00041 0.0043
Waste Concentration/ Child Soil Intake 0.02 0.00011 1 1.7E-05 1 1.1E-05 0.0005 0.1 0.03 0.00091 0.0093
Waste Concentration/Meteorological Location 0.0082 | 0.000072 0.62 8.7E-06 0.51 5.4E-06 0.0002 0.042 0.02 0.00041 0.0042
Waste Concentration/Distance to Receptor 0.01 0.00024 0.83 1.2E-05 0.61 7.3E-06 0.0003 0.062 0.021 0.00062 0.0069
Waste Concentration/WMU Area 0.021 0.00025 1.1 1.6E-05 1 9.6E-06 0.0004 0.096 0.031 0.00084 0.0079
Adult Soil Intake/Child Soil Intake 0.0071 | 0.000051 0.61 2.0E-06 0.1 6.1E-06 0.0002 0.02 0.007 0.00081 0.00021
Adult Soil Intake/Meteorological Location 0.0031 | 0.000031 0.31 1.0E-06 0.041 2.9E-06 0.00008 0.01 0.003 0.00041 | 0.000096
Adult Soil Intake/Distance to Receptor 0.0041 | 0.000093 0.41 1.4E-06 0.061 4.0E-06 0.0001 0.01 0.0041 0.00052 0.00012
Adult Soil Intake/WMU Area 0.0062 0.0001 0.54 1.8E-06 0.094 5.3E-06 0.0001 0.022 0.0052 0.00063 0.00022
Child Soil Intake/ Meteorological Location 0.0081 | 0.000051 0.71 2.4E-06 0.1 7.4E-06 0.0002 0.03 0.008 0.00091 0.00021
Child Soil Intake/Distance to Receptor 0.01 0.00011 1 3.3E-06 0.1 1.0E-05 0.0003 0.04 0.01 0.001 0.00032
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Table H1-1b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Child Soil Intake/WMU Area 0.02 0.00013 1 4.3E-06 0.2 1.3E-05 0.0003 0.062 0.01 0.002 0.00042
Meteorological Location/Distance to Receptor 0.0051 | 0.000083 0.51 1.7E-06 0.061 4.7E-06 0.0001 0.02 0.0051 0.00062 0.00021
Meteorological Location/WMU Area 0.0074 0.0001 0.64 2.2E-06 0.1 6.4E-06 0.0002 0.032 0.0072 0.00084 0.00022
Distance to Receptor/WMU Area 0.0041 | 0.00023 0.43 1.4E-06 0.061 3.9E-06 0.0001 0.01 0.0042 0.00053 0.00014
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Table H1-1c Adult Resident Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Central Tendency 0.00006 | 0.0000002 0.005 9.3E-09 0.0009 3.0E-08 0.000001 0.0002 0.00006 0.000007 | 0.000002
Single High-end Parameter
Long Exposure 0.00006 | 0.0000002 0.005 9.2E-08 0.0009 2.9E-07 0.000001 0.0002 0.00006 0.000007 | 0.000002
Constituent Conc. 0.0002 0.0000005 0.01 8.3E-08 0.01 5.5E-08 0.000004 0.0009 0.0003 0.000008 0.00008
Meteorological Location 0.00008 | 0.0000003 0.007 1.2E-08 0.001 3.6E-08 0.000002 0.0003 0.00007 0.000008 | 0.000002
Distance To Receptor 0.0001 0.0000004 0.009 1.6E-08 0.001 4.9E-08 0.000003 0.0003 0.0001 0.00001 0.000003
WMU Area 0.0001 0.0000004 0.01 2.0E-08 0.002 6.5E-08 0.000003 0.0005 0.0001 0.00001 0.000004
Double High-end Parameters
Constituent Conc./Long Exposure 0.0002 0.0000005 0.01 8.2E-07 0.01 5.4E-07 0.000004 0.0009 0.0003 0.000008 0.00008
Meteorological Location/Long Exposure 0.00008 | 0.0000003 0.007 1.1E-07 0.001 3.5E-07 0.000002 0.0003 0.00007 0.000008 | 0.000002
Distance to Receptor/Long Exposure 0.0001 0.0000004 0.009 1.6E-07 0.001 4.8E-07 0.000003 0.0003 0.0001 0.00001 0.000003
WMU Area/Long Exposure 0.0001 0.0000004 0.01 2.0E-07 0.002 6.3E-07 0.000003 0.0005 0.0001 0.00001 0.000004
Waste Concentration/ Meteorological Location 0.0002 0.0000006 0.01 1.0E-07 0.01 6.8E-08 0.000005 0.001 0.0004 0.00001 0.0001
Waste Concentration/ Distance to Receptor 0.0003 0.0000008 0.02 1.4E-07 0.01 9.2E-08 0.000007 0.001 0.0005 0.00001 0.0001
Waste Concentration/ WMU Area 0.0004 0.000001 0.03 1.8E-07 0.02 1.2E-07 0.000009 0.002 0.0006 0.00002 0.0002
Meteorological Location/Distance to Receptor 0.0001 0.0000005 0.01 2.0E-08 0.001 6.0E-08 0.000003 0.0004 0.0001 0.00001 0.000004
Meteorological Location/WMU Area 0.0002 0.0000005 0.01 2.5E-08 0.002 8.0E-08 0.000004 0.0006 0.0002 0.00002 0.000004
Distance to Receptor/WMU Area 0.0001 0.0000004 0.009 1.6E-08 0.001 4.9E-08 0.000003 0.0003 0.0001 0.00001 0.000003
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Table H1-1d Home Gardener Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.00007 | 0.0000005 0.005 1.0E-08 0.001 3.0E-08 0.000001 0.0004 0.00006 0.000007 | 0.000002
Single High-end Parameter
Long Exposure 0.00007 | 0.0000005 0.005 9.9E-08 0.001 3.0E-07 0.000001 0.0004 0.00006 0.000007 | 0.000002
Exposed Veg. Intake 0.00007 | 0.0000009 0.005 1.1E-08 0.002 3.2E-08 0.000001 0.0007 0.00006 0.000008 | 0.000002
Root Veg.Intake 0.00007 | 0.0000005 0.005 1.0E-08 0.001 3.0E-08 0.000001 0.0004 0.00006 0.000007 | 0.000002
Fruit Intake 0.00007 | 0.000001 0.005 1.2E-08 0.002 3.2E-08 0.000001 0.0008 0.00007 0.000008 | 0.000003
Constituent Conc. 0.0002 0.000001 0.01 9.0E-08 0.01 5.7E-08 0.000004 0.002 0.0003 0.000008 0.00009
Adult Soil Intake 0.0001 | 0.0000008 0.01 2.1E-08 0.002 6.6E-08 0.000003 0.0007 0.0001 0.00001 0.000004
Meteorological Location 0.00009 | 0.0000006 0.007 1.3E-08 0.001 3.7E-08 0.000002 0.0005 0.00007 0.000008 | 0.000002
Distance To Receptor 0.0001 | 0.0000008 0.009 1.7E-08 0.001 5.0E-08 0.000003 0.0005 0.0001 0.00001 0.000003
WMU Area 0.0001 0.000001 0.01 2.3E-08 0.003 6.8E-08 0.000003 0.001 0.0001 0.00001 0.000004
Double High-end Parameters
Exposed Veg. Intake/Long Exposure 0.00007 | 0.0000009 0.005 1.1E-07 0.002 3.1E-07 0.000001 0.0007 0.00006 0.000008 | 0.000002
Root Veg. Intake/Long Exposure 0.00007 | 0.0000005 0.005 1.0E-07 0.001 3.0E-07 0.000001 0.0004 0.00006 0.000007 | 0.000002
Fruit Intake/Long Exposure 0.00007 | 0.000001 0.005 1.2E-07 0.002 3.2E-07 0.000001 0.0008 0.00007 0.000008 | 0.000003
Constituent Conc./Long Exposure 0.0002 0.000001 0.01 8.8E-07 0.01 5.5E-07 0.000004 0.002 0.0003 0.000008 0.00009
Adult Soil Intake/Long Exposure 0.0001 | 0.0000008 0.01 2.1E-07 0.002 6.5E-07 0.000003 0.0007 0.0001 0.00001 0.000004
Meteorological Location/Long Exposure 0.00009 | 0.0000006 0.007 1.2E-07 0.001 3.6E-07 0.000002 0.0005 0.00007 0.000008 | 0.000002
Distance to Receptor/Long Exposure 0.0001 | 0.0000008 0.009 1.7E-07 0.001 4.9E-07 0.000003 0.0005 0.0001 0.00001 0.000003
WMU Area/Long Exposure 0.0001 0.000001 0.01 2.3E-07 0.003 6.6E-07 0.000003 0.001 0.0001 0.00001 0.000004
Exposed Veg. Intake/Root Veg. Intake 0.00007 | 0.000001 0.005 1.2E-08 0.002 3.2E-08 0.000001 0.0007 0.00006 0.000008 | 0.000002
Exposed Veg. Intake/ Fruit Intake 0.00008 | 0.000002 0.005 1.4E-08 0.003 3.4E-08 0.000002 0.001 0.00007 0.000009 | 0.000003
Exposed Veg. Intake/Waste Concentration 0.0002 0.000002 0.01 1.0E-07 0.02 5.9E-08 0.000005 0.003 0.0003 0.000009 0.0001
Exposed Veg. Intake/Adult Soil Intake 0.0001 0.000001 0.01 2.3E-08 0.003 6.7E-08 0.000003 0.001 0.0001 0.00001 0.000004
Exposed Veg. Intake/Meteorological Location 0.00009 | 0.000001 0.007 1.4E-08 0.002 3.9E-08 0.000002 0.0009 0.00008 0.000009 | 0.000002
Exposed Veg. Intake/ Distance to Receptor 0.0001 0.000002 0.009 1.9E-08 0.002 5.2E-08 0.000004 0.0008 0.0001 0.00001 0.000004
Exposed Veg. Intake/WMU Area 0.0002 0.000003 0.01 3.0E-08 0.006 7.4E-08 0.000004 0.003 0.0001 0.00001 0.000005
Root Veg. Intake/Fruit Intake 0.00007 | 0.000001 0.005 1.2E-08 0.002 3.2E-08 0.000001 0.0008 0.00007 0.000008 | 0.000003
Root Veg. Intake/Waste Concentration 0.0002 0.000001 0.01 9.1E-08 0.01 5.7E-08 0.000004 0.002 0.0003 0.000008 0.00009
Root Veg. Intake/Adult Soil Intake 0.0001 | 0.0000008 0.01 2.1E-08 0.002 6.6E-08 0.000003 0.0007 0.0001 0.00001 0.000004
Root Veg. Intake/ Meteorological Location 0.00009 | 0.0000007 0.007 1.3E-08 0.001 3.7E-08 0.000002 0.0005 0.00007 0.000008 | 0.000002
Root Veg. Intake/ Distance to Receptor 0.0001 | 0.0000009 0.009 1.7E-08 0.001 5.0E-08 0.000003 0.0005 0.0001 0.00001 0.000003
Root Intake/WMU Area 0.0001 0.000002 0.01 2.4E-08 0.004 6.8E-08 0.000003 0.002 0.0001 0.00001 0.000005
Fruit Intake/Waste Concentration 0.0002 0.000003 0.01 1.1E-07 0.02 6.0E-08 0.000005 0.003 0.0003 0.000009 0.0001
Fruit Intake/Adult Soil Intake 0.0001 0.000001 0.01 2.3E-08 0.003 6.8E-08 0.000003 0.001 0.0001 0.00001 0.000005
Fruit Intake/ Meteorological Location 0.0001 0.000001 0.007 1.5E-08 0.002 4.0E-08 0.000002 0.001 0.00008 0.000009 | 0.000003
Fruit Intake/ Distance to Receptor 0.0001 0.000003 0.009 2.0E-08 0.002 5.3E-08 0.000004 0.001 0.0001 0.00001 0.000004
Fruit Intake/ WMU Area 0.0002 0.000005 0.01 3.3E-08 0.008 7.7E-08 0.000004 0.004 0.0001 0.00002 0.000006
Waste Concentration/ Adult Soil Intake 0.0004 0.000002 0.03 1.9E-07 0.02 1.2E-07 0.000009 0.003 0.0006 0.00002 0.0002
Waste Concentration/ Meteorological Location 0.0002 0.000001 0.01 1.1E-07 0.01 6.9E-08 0.000005 0.002 0.0004 0.00001 0.0001
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Table H1-1d Home Gardener Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Waste Concentration/ Distance to Receptor 0.0003 0.000002 0.02 1.5E-07 0.01 9.4E-08 0.000008 0.002 0.0005 0.00001 0.0001
Waste Concentration/ WMU Area 0.0005 0.000003 0.03 2.1E-07 0.04 1.3E-07 0.00001 0.005 0.0006 0.00002 0.0002
Adult Soil Intake/ Meteorological Location 0.0002 | 0.0000009 0.01 2.6E-08 0.002 8.1E-08 0.000004 0.0008 0.0002 0.00002 0.000005
Adult Soil Intake/ Distance to Receptor 0.0002 0.000001 0.02 3.6E-08 0.003 1.1E-07 0.000006 0.001 0.0002 0.00003 0.000007
Adult Soil Intake/ WMU Area 0.0003 0.000002 0.03 4.7E-08 0.006 1.5E-07 0.000007 0.002 0.0003 0.00003 0.000008
Meteorological Location/Distance to Receptor 0.0001 0.000001 0.01 2.1E-08 0.001 6.1E-08 0.000003 0.0006 0.0001 0.00001 0.000004
Meteorological Location/WMU Area 0.0002 0.000002 0.01 2.9E-08 0.004 8.4E-08 0.000004 0.002 0.0002 0.00002 0.000005
Distance to Receptor/WMU Area 0.0001 0.000001 0.009 1.7E-08 0.001 5.1E-08 0.000004 0.0005 0.0001 0.00001 0.000004
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Table H1-1e Fisher Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

[Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.000002 | 0.00006 0.0003 1.5E-09 | 0.000002 1.1E-09 0.00002 0.000004 0.00002 0.0000005 0.00001
Single High-end Parameter

Long Exposure 0.000002 | 0.00006 0.0003 1.5E-08 | 0.000002 1.1E-08 0.00002 0.000004 0.00002 0.0000005 0.00001
Fish Intake 0.000002 | 0.00006 0.0006 1.7E-09 | 0.000002 1.8E-09 0.00002 0.00002 0.00002 0.0000005 0.00004
Waste Concentration 0.000004 | 0.0001 0.0005 1.3E-08 | 0.00003 2.1E-09 0.00005 0.00002 0.0001 0.0000006 0.0007
Meteorological Location 0.0000002 | 0.000003 | 0.00003 | 1.3E-10 | 0.0000009 | 1.5E-10 | 0.0000008 | 0.000001 0.000002 0.00000005 | 0.0000008
Distance to Receptor 0.000002 | 0.00006 0.0003 1.5E-09 | 0.000003 1.2E-09 0.00002 0.000005 0.00002 0.0000005 0.00002
WMU Area 0.000008 | 0.0003 0.001 7.4E-09 | 0.00001 5.6E-09 0.00008 0.00002 0.0001 0.000002 0.00007
Double High-end Parameters

Fish Intake/Long Exposure 0.000002 | 0.00006 0.0006 1.6E-08 | 0.000002 1.7E-08 0.00002 0.00002 0.00002 0.0000005 0.00004
Waste Concentration/Long Exposure 0.000004 | 0.0001 0.0005 1.3E-07 | 0.00003 2.1E-08 0.00005 0.00002 0.0001 0.0000006 0.0007
Meteorological Location/Long Exposure 0.0000002 | 0.000003 | 0.00003 | 1.3E-09 | 0.0000009 | 1.5E-09 | 0.0000008 | 0.000001 0.000002 0.00000005 | 0.0000008
Distance to Receptor/Long Exposure 0.000002 | 0.00006 0.0003 1.5E-08 | 0.000003 1.2E-08 0.00002 0.000005 0.00002 0.0000005 0.00002
WMU Area/Long Exposure 0.000008 | 0.0003 0.001 7.2E-08 | 0.00001 5.5E-08 0.00008 0.00002 0.0001 0.000002 0.00007
Fish Intake/Waste Concentration 0.000004 | 0.0001 0.001 1.5E-08 | 0.00003 3.3E-09 0.00005 0.00007 0.0001 0.0000006 0.002
Fish Intake/Meteorological Location 0.0000002 | 0.000003 | 0.00008 | 1.4E-10 | 0.0000009 | 2.3E-10 | 0.0000008 | 0.000004 0.000002 0.00000005 | 0.000003
Fish Intake/Distance to Receptor 0.000002 | 0.00006 0.0007 1.7E-09 | 0.000003 1.9E-09 0.00002 0.00002 0.00002 0.0000005 0.00004
Fish Intake/WMU Area 0.000008 | 0.0003 0.003 8.2E-09 | 0.00001 8.6E-09 0.00008 0.00009 0.0001 0.000002 0.0003
Waste Concentration/Meteorological Location 0.0000006 | 0.000007 | 0.00007 | 1.1E-09 | 0.00001 2.8E-10 0.000002 0.000004 0.000008 0.00000006 0.00003
Waste Concentration/Distance to Receptor 0.000005 | 0.0001 0.0006 1.4E-08 | 0.00003 2.2E-09 0.00005 0.00002 0.0001 0.0000006 0.0007
Waste Concentration/WMU Area 0.00002 0.0007 0.003 6.6E-08 0.0001 1.0E-08 0.0002 0.00009 0.0005 0.000003 0.003
Meteorological Location/Distance to Receptor 0.0000003 | 0.000003 | 0.00004 | 1.6E-10 | 0.000001 2.0E-10 | 0.0000008 | 0.000001 0.000002 0.00000007 | 0.0000008
Meteorological Location/WMU Area 0.000001 | 0.00001 0.0001 6.0E-10 | 0.000004 7.0E-10 0.000004 0.000004 0.000008 0.0000002 0.000003
Distance to Receptor/WMU Area 0.000002 | 0.00006 0.0003 1.6E-09 | 0.000003 1.3E-09 0.00002 0.000006 0.00002 0.0000005 0.00002

9/16/99 Ingest_Results-CA-LF.xls



Table H1-2a Farmer Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface Impoundment

[lParameters Set to High-end Nickel Silver Thallium Arsenic | Barium | Beryllium | Boron Cadmium Chromium VI Cobalt | Selenium
Central Tendency 0.00002 | 0.00006 0.003 5.6E-08 | 0.0001 | 5.2E-09 | 0.000001 0.00005 0.00006 0.000006 | 0.00001
h Single High-end Parameter
Long Exposure 0.00002 | 0.00006 0.003 2.3E-07 | 0.0001 | 2.1E-08 | 0.000001 0.00005 0.00006 0.000006 | 0.00001
z Beef intake 0.00005 | 0.00007 0.02 6.9E-08 | 0.0001 | 1.4E-08 | 0.000001 0.00005 0.0002 0.00002 0.00001
Dairy Intake 0.00004 | 0.0002 0.007 1.9E-07 | 0.0002 | 5.3E-09 | 0.000001 0.00005 0.0002 0.00001 0.00005
m Exposed Veg. Intake 0.00002 | 0.00006 0.003 5.9E-08 | 0.0002 | 8.2E-09 | 0.000002 0.0001 0.00006 0.000006 | 0.00001
Root Veg. Intake 0.00002 | 0.00006 0.003 5.7E-08 | 0.0001 | 5.5E-09 | 0.000001 0.00008 0.00006 0.000006 | 0.00001
E Fruit Intake 0.00002 | 0.00006 0.004 6.6E-08 | 0.0004 | 1.8E-08 | 0.000005 0.0002 0.00009 0.000007 | 0.00001
Waste Concentration 0.00004 | 0.0001 0.007 5.0E-07 0.001 | 9.7E-09 | 0.000004 0.0002 0.0003 0.000006 0.0008
:’ Adult Soil Intake 0.00002 | 0.00006 0.003 5.6E-08 | 0.0001 | 5.5E-09 | 0.000001 0.00005 0.00006 0.000006 | 0.00001
U Meteorological Location 0.0001 | 0.0002 0.01 2.4E-07 0.001 | 2.8E-08 | 0.000005 0.0007 0.0003 0.00002 0.00006
Distance to Receptor 0.00005 | 0.0002 0.01 1.8E-07 | 0.0004 | 1.7E-08 | 0.000004 0.0002 0.0002 0.00002 0.00006
o WMU Area 0.00003 | 0.0001 0.007 1.2E-07 | 0.0002 | 1.1E-08 | 0.000002 0.0001 0.0001 0.00001 0.00003
Double High-end Parameters
a Beef Intake/ Long Exposure 0.00005 | 0.00007 0.02 2.8E-07 | 0.0001 | 5.7E-08 | 0.000001 0.00005 0.0002 0.00002 0.00001
Dairy Intake/Long Exposure 0.00004 | 0.0002 0.007 7.7E-07 | 0.0002 | 2.1E-08 | 0.000001 0.00005 0.0002 0.00001 0.00005
Exposed Veg. Intake/ Long Exposure 0.00002 | 0.00006 0.003 2.3E-07 | 0.0002 | 3.3E-08 | 0.000002 0.0001 0.00006 0.000006 | 0.00001
m Root Veg. Intake/Long Exposure 0.00002 | 0.00006 0.003 2.3E-07 | 0.0001 | 2.2E-08 | 0.000001 0.00008 0.00006 0.000006 | 0.00001
Fruit Intake/ Long Exposure 0.00002 | 0.00006 0.004 2.6E-07 | 0.0004 | 7.2E-08 | 0.000005 0.0002 0.00009 0.000007 | 0.00001
> Waste Concentration/Long Exposure 0.00004 | 0.0001 0.007 2.0E-06 0.001 3.9E-08 | 0.000004 0.0002 0.0003 0.000006 0.0008
= Adult Soil Intake/Long Exposure 0.00002 | 0.00006 0.003 2.3E-07 | 0.0001 | 2.2E-08 | 0.000001 0.00005 0.00006 0.000006 | 0.00001
Meteorlogical Location/Long Exposure 0.0001 | 0.0002 0.01 9.6E-07 0.001 | 1.1E-07 | 0.000005 0.0007 0.0003 0.00002 0.00006
: Distance to Receptor/Long Exposure 0.00005 | 0.0002 0.01 7.3E-07 | 0.0004 | 6.8E-08 | 0.000004 0.0002 0.0002 0.00002 0.00006
WMU Area/Long Exposure 0.00003 | 0.0001 0.007 4.7E-07 | 0.0002 | 4.4E-08 | 0.000002 0.0001 0.0001 0.00001 0.00003
u Beef Intake/ Dairy Intake 0.00007 | 0.0002 0.03 2.1E-07 | 0.0002 | 1.4E-08 | 0.000001 0.00005 0.0003 0.00003 0.00005
u Beef Intake/ Exposed Veg. Intake 0.00006 | 0.00007 0.02 7.2E-08 | 0.0002 | 1.7E-08 | 0.000002 0.0001 0.0002 0.00002 0.00001
Beef Intake/Root Vegetable Intake 0.00005 | 0.00007 0.02 7.0E-08 | 0.0002 | 1.5E-08 | 0.000001 0.00008 0.0002 0.00002 0.00001
q Beef Intake/Fruit Intake 0.00006 | 0.00007 0.02 7.9E-08 | 0.0004 | 2.7E-08 | 0.000005 0.0002 0.0002 0.00003 0.00002
Beef Intake/ Waste Concentration 0.0001 | 0.0001 0.05 6.2E-07 0.001 | 2.7E-08 | 0.000004 0.0002 0.0008 0.00003 0.0008
Beef Intake/Adult Soil Intake 0.00005 | 0.00007 0.02 6.9E-08 | 0.0001 | 1.5E-08 | 0.000001 0.00005 0.0002 0.00002 0.00001
¢ Beef Intake/Meteorological Location 0.0003 | 0.0002 0.1 2.9E-07 0.001 | 6.7E-08 | 0.000005 0.0007 0.0007 0.0001 0.00006
Beef Intake/Distance to Receptor 0.0001 | 0.0002 0.07 2.2E-07 | 0.0004 | 4.6E-08 | 0.000004 0.0002 0.0005 0.00008 0.00006
n Beef Intake/WMU Area 0.0001 | 0.0001 0.05 1.4E-07 | 0.0002 | 3.0E-08 | 0.000002 0.0001 0.0004 0.00006 0.00004
m Dairy Intake/Exposed Vegetable Intake 0.00004 | 0.0002 0.007 2.0E-07 | 0.0003 | 8.3E-09 | 0.000002 0.0001 0.0002 0.00001 0.00005
Dairy Intake/Root Vegetable Intake 0.00004 | 0.0002 0.007 1.9E-07 | 0.0002 | 5.6E-09 | 0.000001 0.00008 0.0002 0.00001 0.00005
Dairy Intake/Fruit Intake 0.00004 | 0.0002 0.008 2.0E-07 | 0.0004 | 1.8E-08 | 0.000005 0.0002 0.0003 0.00001 0.00005
m' Dairy Intake/Waste Concentration 0.0001 | 0.0005 0.01 1.7E-06 0.002 | 9.8E-09 | 0.000004 0.0002 0.0008 0.00001 0.002
Dairy Intake/Adult Soil Intake 0.00004 | 0.0002 0.007 1.9E-07 | 0.0002 | 5.6E-09 | 0.000001 0.00005 0.0002 0.00001 0.00005
: Dairy Intake/ Meteorological Location 0.0003 | 0.0008 0.03 8.1E-07 0.002 | 2.8E-08 | 0.000005 0.0007 0.0007 0.00005 0.0002
Dairy Intake/Distance to Receptor 0.0001 | 0.0007 0.03 6.3E-07 | 0.0005 | 1.7E-08 | 0.000004 0.0002 0.0006 0.00004 0.0002
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Table H1-2a Farmer Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface Impoundment

Parameters Set to High-end Nickel Silver Thallium Arsenic | Barium | Beryllium| Boron Cadmium Chromium VI Cobalt Selenium
Dairy Intake/ WMU Area 0.00007 | 0.0004 0.01 4.0E-07 | 0.0004 | 1.1E-08 | 0.000002 0.0001 0.0003 0.00002 0.0001
Exposed Veg. Intake/ Root Veg. Intake 0.00002 | 0.00006 0.003 5.9E-08 | 0.0002 | 8.6E-09 | 0.000002 0.0001 0.00007 0.000006 | 0.00001
h Exposed Veg. Intake/ Fruit Intake 0.00003 | 0.00007 0.004 6.8E-08 | 0.0004 | 2.1E-08 | 0.000006 0.0003 0.0001 0.000008 | 0.00002
z Exposed Veg. Intake/Waste Concentration 0.00004 | 0.0001 0.007 5.2E-07 0.002 | 1.5E-08 | 0.000006 0.0004 0.0003 0.000006 0.0008
Exposed Veg. Intake/Adult Soil Intake 0.00002 | 0.00006 0.003 5.9E-08 | 0.0002 | 8.6E-09 | 0.000002 0.0001 0.00006 0.000006 | 0.00001
m Exposed Veg. Intake/Meteorological Location 0.0001 0.0002 0.01 2.5E-07 0.002 | 4.4E-08 | 0.000008 0.001 0.0003 0.00002 0.00006
Exposed Veg. Intake/Distance to Receptor 0.00006 | 0.0002 0.01 1.9E-07 | 0.0006 | 2.7E-08 | 0.000006 0.0003 0.0002 0.00002 0.00006
E Exposed Veg. Intake/WMU Area 0.00004 | 0.0001 0.007 1.2E-07 | 0.0004 | 1.7E-08 | 0.000004 0.0002 0.0002 0.00001 0.00004
Root Veg. Intake/Fruit Intake 0.00002 | 0.00006 0.004 6.7E-08 | 0.0004 | 1.8E-08 | 0.000005 0.0003 0.00009 0.000007 | 0.00001
: Root Veg. Intake/Waste Concentration 0.00004 | 0.0001 0.007 5.1E-07 0.002 | 1.0E-08 | 0.000004 0.0004 0.0003 0.000006 0.0008
Root Veg. Intake/Adult Soil Intake 0.00002 | 0.00006 0.003 5.7E-08 | 0.0001 | 5.9E-09 | 0.000001 0.00008 0.00006 0.000006 | 0.00001
U' Root Veg. Intake/Meteorological Location 0.0001 0.0002 0.01 2.5E-07 0.002 | 3.2E-08 | 0.000005 0.001 0.0003 0.00002 0.00006
Root Veg. Intake/Distance to Receptor 0.00005 | 0.0002 0.01 1.8E-07 | 0.0004 | 1.8E-08 | 0.000004 0.0002 0.0002 0.00002 0.00006
o Root Veg. Intake/WMU Area 0.00004 | 0.0001 0.007 1.2E-07 | 0.0003 | 1.2E-08 | 0.000002 0.0002 0.0001 0.00001 0.00003
Fruit Intake/Waste Concentration 0.00006 | 0.0001 0.008 5.9E-07 0.004 | 3.4E-08 | 0.00001 0.0007 0.0004 0.000007 0.0009
a Fruit Intake/Adult Soil Intake 0.00002 | 0.00006 0.004 6.6E-08 | 0.0004 | 1.8E-08 | 0.000005 0.0002 0.00009 0.000007 | 0.00001
Fruit Intake/Meteorological Location 0.0002 0.0002 0.02 2.9E-07 0.004 | 8.6E-08 | 0.00002 0.002 0.0003 0.00003 0.00006
m Fruit Intake/Distance to Receptor 0.00008 | 0.0002 0.01 2.1E-07 0.001 | 5.8E-08 | 0.00002 0.0006 0.0002 0.00002 0.00006
Fruit Intake/WMU Area 0.00006 | 0.0001 0.008 1.4E-07 | 0.0007 | 3.8E-08 | 0.00001 0.0004 0.0002 0.00001 0.00004
> Waste Concentration/Adult Soil Intake 0.00004 | 0.0001 0.007 5.0E-07 0.001 | 1.0E-08 | 0.000004 0.0002 0.0003 0.000006 0.0008
Waste Concentration/Meteorological Location 0.0002 0.0005 0.02 2.1E-06 0.01 5.1E-08 0.00001 0.003 0.001 0.00002 0.002
H Waste Concentration/Distance to Receptor 0.0001 0.0004 0.02 1.6E-06 0.004 3.2E-08 0.00001 0.0007 0.0009 0.00002 0.002
: Waste Concentration/WMU Area 0.00009 | 0.0003 0.01 1.1E-06 0.002 | 2.0E-08 | 0.000007 0.0005 0.0006 0.00001 0.001
Adult Soil Intake/Meteorological Location 0.0001 0.0002 0.01 2.4E-07 0.001 | 3.2E-08 | 0.000005 0.0007 0.0003 0.00002 0.00006
U‘ Adult Soil Intake/Distance to Receptor 0.00005 | 0.0002 0.01 1.8E-07 | 0.0004 | 1.8E-08 | 0.000004 0.0002 0.0002 0.00002 0.00006
Adult Soil Intake/WMU Area 0.00003 | 0.0001 0.007 1.2E-07 | 0.0002 | 1.2E-08 | 0.000002 0.0001 0.0001 0.00001 0.00003
u Meteorological Location/Distance to Receptor 0.0002 0.0006 0.04 7.1E-07 0.004 | 8.1E-08 0.00001 0.002 0.0007 0.00006 0.0002
Meteorological Location/WMU Area 0.0002 0.0004 0.02 4.8E-07 0.002 | 5.5E-08 | 0.000008 0.001 0.0004 0.00004 0.0001
q Distance to Receptor/WMU Area 0.00006 | 0.0003 0.01 2.7E-07 | 0.0005 | 2.5E-08 | 0.000006 0.0002 0.0003 0.00002 0.00008
L
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Table H1-2b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment
[[Parameters Set to High-end Nickel Silver | Thallium | Arsenic Barium | Beryllium Boron Cadmium | Chromium VI|  Cobalt Selenium
Central Tendency 0.000028 | 0.000063 | 0.0077 4.9E-08 0.00015 | 9.7E-09 | 0.0000008 | 0.000048 0.000092 0.0000091 | 0.000021
h Single High-end Parameter
Long Exposure 0.000028 | 0.000063 | 0.0077 1.2E-07 0.00015 | 1.6E-08 | 0.0000008 | 0.000048 0.000092 0.0000091 | 0.000021
z Beef intake 0.000038 | 0.000065 | 0.013 5.2E-08 0.00015 | 1.2E-08 | 0.0000008 | 0.000048 0.00013 0.000014 | 0.000022
Dairy Intake 0.000038 0.0002 0.0097 1.1E-07 0.00019 | 9.7E-09 | 0.0000008 | 0.000049 0.00014 0.000013 | 0.000041
m Exposed Veg. Intake 0.00003 | 0.000063 | 0.0078 5.0E-08 0.00021 | 1.1E-08 | 0.0000013 | 0.000081 0.000096 0.0000093 | 0.000022
Root Veg. Intake 0.000029 | 0.000063 | 0.0077 4.9E-08 0.00016 | 9.7E-09 | 0.0000008 | 0.000052 0.000092 0.0000091 | 0.000021
E Fruit Intake 0.000037 | 0.000065 | 0.0084 5.6E-08 0.00042 | 1.9E-08 | 0.0000043 | 0.00013 0.00012 0.000011 | 0.000025
Waste Concentration 0.000085 | 0.00011 0.014 4.4E-07 0.0016 1.8E-08 | 0.0000028 | 0.00019 0.00036 0.000011 0.00086
:‘ Adult Soil Intake 0.000028 | 0.000063 | 0.0077 4.9E-08 0.00015 | 9.9E-09 | 0.0000008 | 0.000048 0.000092 0.0000091 | 0.000021
Child Soil Intake 0.000041 | 0.000063 | 0.0091 5.2E-08 0.00026 | 2.0E-08 | 0.0000011 | 0.000088 0.0001 0.00001 0.000022
U Meteorological Location 0.00022 0.00021 0.035 2.3E-07 0.0018 1.0E-07 | 0.0000054 | 0.00061 0.00042 0.000041 | 0.000067
o Distance to Receptor 0.000086 | 0.00021 0.027 1.6E-07 0.00041 | 3.0E-08 | 0.000003 0.00015 0.00032 0.000033 | 0.000055
WMU Area 0.000054 | 0.0001 0.014 1.0E-07 0.00026 | 2.0E-08 | 0.0000016 0.0001 0.00019 0.000019 | 0.000033
a Double High-end Parameters
Beef Intake/ Long Exposure 0.000038 | 0.000065 | 0.013 1.3E-07 0.00015 | 2.1E-08 | 0.0000008 | 0.000048 0.00013 0.000014 | 0.000022
Dairy Intake/Long Exposure 0.000038 0.0002 0.0097 2.7E-07 0.00019 | 1.6E-08 | 0.0000008 | 0.000049 0.00014 0.000013 | 0.000041
m Exposed Veg. Intake/ Long Exposure 0.00003 | 0.000063 | 0.0078 1.2E-07 0.00021 | 1.9E-08 | 0.0000013 | 0.000081 0.000096 0.0000093 | 0.000022
> Root Veg. Intake/Long Exposure 0.000029 | 0.000063 | 0.0077 1.2E-07 0.00016 | 1.6E-08 | 0.0000008 | 0.000052 0.000092 0.0000091 | 0.000021
Fruit Intake/ Long Exposure 0.000037 | 0.000065 | 0.0084 1.4E-07 0.00042 | 3.9E-08 | 0.0000043 | 0.00013 0.00012 0.000011 | 0.000025
H Waste Concentration/Long Exposure 0.000085 0.00011 0.014 1.0E-06 0.0016 2.9E-08 | 0.0000028 0.00019 0.00036 0.000011 0.00086
: Adult Soil Intake/Long Exposure 0.000028 | 0.000063 | 0.0077 1.2E-07 0.00015 | 1.7E-08 | 0.0000008 | 0.000048 0.000092 0.0000091 | 0.000021
Child Soil Intake/Long Exposure 0.000041 | 0.000063 | 0.0091 1.2E-07 0.00026 | 2.6E-08 | 0.0000011 | 0.000088 0.0001 0.00001 0.000022
u Meteorological Location/Long Exposure 0.00022 0.00021 0.035 5.2E-07 0.0018 1.4E-07 | 0.0000054 | 0.00061 0.00042 0.000041 | 0.000067
Distance to Receptor/Long Exposure 0.000086 | 0.00021 0.027 3.8E-07 0.00041 | 4.9e-08 | 0.000003 0.00015 0.00032 0.000033 | 0.000055
u WMU Area/Long Exposure 0.000054 | 0.0001 0.014 2.5E-07 0.00026 | 3.2E-08 | 0.0000016 0.0001 0.00019 0.000019 | 0.000033
Beef Intake/ Dairy Intake 0.000048 0.0002 0.015 1.1E-07 0.00019 | 1.2E-08 | 0.0000008 | 0.000049 0.00018 0.000018 | 0.000042
q Beef Intake/ Exposed Veg. Intake 0.00004 | 0.000065 | 0.013 5.3E-08 0.00021 | 1.4E-08 | 0.0000013 | 0.000081 0.00014 0.000014 | 0.000022
Beef Intake/Root Vegetable Intake 0.000039 | 0.000065 | 0.013 5.2E-08 0.00016 | 1.2E-08 | 0.0000008 | 0.000052 0.00013 0.000014 | 0.000022
¢ Beef Intake/Fruit Intake 0.000047 | 0.000067 | 0.013 5.9E-08 0.00042 | 2.1E-08 | 0.0000043 | 0.00013 0.00016 0.000016 | 0.000025
Beef Intake/Waste Concentration 0.00012 0.00011 0.034 4.6E-07 0.0016 2.2E-08 | 0.0000028 0.0002 0.00056 0.000025 0.0009
n Beef Intake/Adult Soil Intake 0.000038 | 0.000065 | 0.013 5.2E-08 0.00015 | 1.2E-08 | 0.0000008 | 0.000048 0.00013 0.000014 | 0.000022
m Beef Intake/Child Soil Intake 0.000051 | 0.000065 | 0.014 5.5E-08 0.00026 | 2.2E-08 | 0.0000011 | 0.000088 0.00014 0.000015 | 0.000022
Beef Intake/Meteorological Location 0.00026 0.00021 0.065 2.4E-07 0.0018 1.1E-07 | 0.0000054 | 0.00062 0.00062 0.000071 | 0.000069
Beef Intake/Distance to Receptor 0.00013 0.00021 0.047 1.7E-07 0.00041 | 3.7E-08 | 0.000003 0.00015 0.00043 0.000053 | 0.000057
m' Beef Intake/WMU Area 0.000084 | 0.00011 0.034 1.1E-07 0.00026 | 2.4E-08 | 0.0000016 0.0001 0.00023 0.000039 | 0.000034
Dairy Intake/Exposed Vegetable Intake 0.00004 0.0002 0.0098 1.1E-07 0.00025 | 1.1E-08 | 0.0000013 | 0.000082 0.00015 0.000013 | 0.000042
: Dairy Intake/Root Vegetable Intake 0.000039 0.0002 0.0097 1.1E-07 0.0002 9.7E-09 | 0.0000008 | 0.000052 0.00014 0.000013 | 0.000041
Dairy Intake/Fruit Intake 0.000047 | 0.00021 0.01 1.2E-07 0.00046 | 1.9E-08 | 0.0000043 | 0.00013 0.00017 0.000015 | 0.000045
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Table H1-2b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment
Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Dairy Intake/Waste Concentration 0.00012 0.00031 0.019 9.8E-07 0.0019 1.8E-08 | 0.0000028 0.0002 0.00076 0.000016 0.0021
h Dairy Intake/ Adult Soil Intake 0.000038 0.0002 0.0097 1.1E-07 0.00019 9.9E-09 | 0.0000008 | 0.000049 0.00014 0.000013 | 0.000041
Dairy Intake/ Child Soil Intake 0.000051 0.0002 0.011 1.1E-07 0.0003 2.0E-08 | 0.0000011 | 0.000089 0.00015 0.000014 | 0.000042
z Dairy Intake/ Meteorological Location 0.00027 0.00061 0.039 4.8E-07 0.0021 1.0E-07 | 0.0000054 | 0.00062 0.00062 0.000061 0.00011
Dairy Intake/Distance to Receptor 0.00014 0.00051 0.032 3.6E-07 0.00054 | 3.0E-08 | 0.000003 0.00015 0.00052 0.000043 0.00011
m Dairy Intake/WMU Area 0.000084 0.0003 0.019 2.3E-07 0.00031 2.0E-08 | 0.0000016 0.0001 0.00029 0.000033 | 0.000083
Exposed Veg. Intake/ Root Veg. Intake 0.00003 | 0.000063 | 0.0078 5.0E-08 0.00022 1.1E-08 | 0.0000013 | 0.000085 0.000096 0.0000093 | 0.000022
E Exposed Veg. Intake/ Fruit Intake 0.000039 | 0.000066 | 0.0085 5.7E-08 0.00048 2.1E-08 | 0.0000048 | 0.00016 0.00012 0.000011 | 0.000025
Exposed Veg. Intake/Waste Concentration 0.00009 0.00011 0.015 4.5E-07 0.0023 2.1E-08 | 0.0000045 | 0.00036 0.00038 0.000012 0.00088
:’ Exposed Veg. Intake/Adult Soil Intake 0.00003 | 0.000063 | 0.0078 5.0E-08 0.00021 1.1E-08 | 0.0000013 | 0.000081 0.000096 0.0000093 | 0.000022
Exposed Veg. Intake/Child Soil Intake 0.000043 | 0.000063 | 0.0092 5.3E-08 0.00032 2.1E-08 | 0.0000016 | 0.00012 0.00011 0.000011 | 0.000022
U Exposed Veg. Intake/Meteorological Location 0.00024 0.00021 0.035 2.3E-07 0.0025 1.1E-07 | 0.000007 0.0011 0.00044 0.000043 | 0.000069
o Exposed Veg. Intake/Distance to Receptor 0.000092 | 0.00021 0.028 1.6E-07 0.00057 3.4E-08 | 0.0000046 | 0.00023 0.00034 0.000034 | 0.000057
Exposed Veg. Intake/WMU Area 0.000058 0.0001 0.015 1.0E-07 0.00043 2.3E-08 | 0.0000024 | 0.00017 0.0002 0.000019 | 0.000033
a Root Veg. Intake/Fruit Intake 0.000038 | 0.000065 | 0.0084 5.6E-08 0.00043 1.9E-08 | 0.0000043 | 0.00013 0.00012 0.000011 | 0.000025
Root Veg. Intake/Waste Concentration 0.000085 | 0.00011 0.014 4.4E-07 0.0017 1.8E-08 | 0.0000028 | 0.00021 0.00036 0.000011 0.00086
Root Veg. Intake/Adult Soil Intake 0.000029 | 0.000063 | 0.0077 4.9E-08 0.00016 9.9E-09 | 0.0000008 | 0.000052 0.000092 0.0000091 | 0.000021
m Root Veg. Intake/Child Soil Intake 0.000042 | 0.000063 | 0.0091 5.2E-08 0.00027 2.0E-08 | 0.0000011 | 0.000092 0.0001 0.00001 0.000022
> Root Veg. Intake/Meteorological Location 0.00022 0.00021 0.035 2.3E-07 0.0019 1.0E-07 | 0.0000054 | 0.00066 0.00043 0.000041 | 0.000068
Root Veg. Intake/Distance to Receptor 0.000087 | 0.00021 0.027 1.6E-07 0.00042 3.0E-08 | 0.000003 0.00016 0.00032 0.000033 | 0.000055
H Root Veg. Intake/WMU Area 0.000054 0.0001 0.014 1.0E-07 0.00026 2.0E-08 | 0.0000016 | 0.00011 0.00019 0.000019 | 0.000033
: Fruit Intake/Waste Concentration 0.00011 0.00011 0.016 5.0E-07 0.0043 3.6E-08 | 0.000011 0.00072 0.00054 0.000013 0.001
Fruit Intake/Adult Soil Intake 0.000037 | 0.000065 | 0.0084 5.6E-08 0.00042 1.9E-08 | 0.0000043 | 0.00013 0.00012 0.000011 | 0.000025
u Fruit Intake/Child Soil Intake 0.00005 | 0.000065 | 0.0098 5.9E-08 0.00053 2.9E-08 | 0.0000046 | 0.00017 0.00013 0.000012 | 0.000025
Fruit Intake/Meteorological Location 0.00028 0.00022 0.037 2.6E-07 0.0044 1.5E-07 | 0.000023 0.0024 0.0005 0.000048 | 0.000075
u Fruit Intake/Distance to Receptor 0.00012 0.00022 0.03 1.8E-07 0.001 6.0E-08 | 0.000011 0.00049 0.00041 0.000038 | 0.000063
Fruit Intake/WMU Area 0.000071 | 0.00011 0.016 1.2E-07 0.00069 3.9E-08 | 0.0000096 | 0.00036 0.00025 0.000022 0.00004
q Waste Concentration/ Adult Soil Intake 0.000085 | 0.00011 0.014 4.4E-07 0.0016 1.8E-08 | 0.0000028 | 0.00019 0.00036 0.000011 0.00086
Waste Concentration/ Child Soil Intake 0.00012 0.00011 0.016 4.6E-07 0.0027 3.7E-08 | 0.0000033 0.0003 0.00041 0.000013 0.00088
¢ Waste Concentration/Meteorological Location 0.00053 0.00052 0.081 2.0E-06 0.018 1.9E-07 0.000014 0.0024 0.002 0.000061 0.0033
Waste Concentration/Distance to Receptor 0.00022 0.00051 0.055 1.4E-06 0.0043 5.5E-08 0.000008 0.0006 0.0015 0.000034 0.0022
n Waste Concentration/WMU Area 0.00015 0.00031 0.031 9.1E-07 0.0036 3.6E-08 | 0.0000047 | 0.00047 0.00092 0.000021 0.0021
m Adult Soil Intake/Child Soil Intake 0.000041 | 0.000063 | 0.0091 5.2E-08 0.00026 2.0E-08 | 0.0000011 | 0.000088 0.0001 0.00001 0.000022
Adult Soil Intake/Meteorological Location 0.00022 0.00021 0.035 2.3E-07 0.0018 1.0E-07 | 0.0000054 | 0.00061 0.00042 0.000041 | 0.000067
Adult Soil Intake/Distance to Receptor 0.000086 | 0.00021 0.027 1.6E-07 0.00041 3.0E-08 | 0.000003 0.00015 0.00032 0.000033 | 0.000055
m' Adult Soil Intake/WMU Area 0.000054 0.0001 0.014 1.0E-07 0.00026 2.0E-08 | 0.0000016 0.0001 0.00019 0.000019 | 0.000033
Child Soil Intake/ Meteorological Location 0.00042 0.00021 0.047 2.7E-07 0.0038 2.4E-07 | 0.0000094 0.0011 0.00062 0.000061 | 0.000072
: Child Soil Intake/Distance to Receptor 0.00012 0.00021 0.03 1.7E-07 0.00071 5.9E-08 | 0.0000034 | 0.00028 0.00036 0.000037 | 0.000056
Child Soil Intake/WMU Area 0.000084 0.0001 0.016 1.1E-07 0.00056 3.9E-08 | 0.0000022 | 0.00016 0.00021 0.000021 | 0.000033

9/17/99 Ingest_Results-CA-Sl.xlIs




Table H1-2b Child of Farmer Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment
Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Meteorological Location/Distance to Receptor 0.00074 0.00073 0.11 6.6E-07 0.0041 2.8E-07 0.000015 0.0017 0.0012 0.00013 0.00022
Meteorological Location/WMU Area 0.00043 0.00051 0.071 4.5E-07 0.0035 1.9E-07 | 0.0000098 0.0012 0.00074 0.000083 0.00011
Distance to Receptor/WMU Area 0.00014 0.00031 0.031 2.3E-07 0.00057 | 4.3E-08 | 0.0000043 | 0.00021 0.00035 0.000035 | 0.000086
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Table H1-2c Adult Resident Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface Impoundment

Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.0000002 | 0.0000000006 | 0.00001 2.6E-11 | 0.000002 8.0E-11 0.000000004 | 0.0000006 0.0000002 0.00000002 | 0.000000005
Single High-end Parameter
Long Exposure 0.0000002 | 0.0000000006 | 0.00001 2.6E-10 | 0.000002 7.8E-10 0.000000004 | 0.0000006 0.0000002 0.00000002 | 0.000000005
Constituent Conc. 0.0000004 | 0.000000001 0.00003 2.4E-10 | 0.00002 1.5E-10 0.00000001 0.000002 0.0000008 0.00000002 0.0000002
Adult Soil Intake 0.0000004 | 0.000000001 0.00003 5.8E-11 | 0.000004 1.8E-10 0.000000009 | 0.000001 0.0000004 0.00000004 | 0.00000001
Meteorological Location 0.000002 | 0.000000009 0.0002 3.7E-10 | 0.00003 1.1E-09 0.00000006 0.000007 0.000002 0.0000003 0.00000007
Distance To Receptor 0.0000005 | 0.000000002 0.00004 8.2E-11 | 0.000005 2.4E-10 0.00000001 0.000002 0.0000005 0.00000006 | 0.00000002
WMU Area 0.0000003 | 0.000000001 0.00003 5.4E-11 | 0.000004 1.6E-10 0.000000009 | 0.000001 0.0000004 0.00000004 | 0.00000001
Double High-end Parameters
Constituent Conc./Long Exposure 0.0000004 | 0.000000001 0.00003 2.3E-09 | 0.00002 1.5E-09 0.00000001 0.000002 0.0000008 0.00000002 0.0000002
Adult Soil Intake/Long Exposure 0.0000004 | 0.000000001 0.00003 5.7E-10 | 0.000004 1.7E-09 0.000000009 | 0.000001 0.0000004 0.00000004 | 0.00000001
Meteorological Location/Long Exposure 0.000002 | 0.000000009 0.0002 3.6E-09 | 0.00003 1.1E-08 0.00000006 0.000007 0.000002 0.0000003 0.00000007
Distance to Receptor/Long Exposure 0.0000005 | 0.000000002 0.00004 8.0E-10 | 0.000005 2.3E-09 0.00000001 0.000002 0.0000005 0.00000006 | 0.00000002
WMU Area/Long Exposure 0.0000003 | 0.000000001 0.00003 5.3E-10 | 0.000004 1.5E-09 0.000000009 | 0.000001 0.0000004 0.00000004 | 0.00000001
Waste Concentration/ Adult Soil Intake 0.000001 | 0.000000003 0.00007 5.2E-10 | 0.00005 3.3E-10 0.00000003 0.000005 0.000002 0.00000005 0.0000005
Waste Concentration/ Meteorological Location 0.000006 0.00000002 0.0004 3.3E-09 0.0003 2.0E-09 0.0000002 0.00003 0.00001 0.0000003 0.000003
Waste Concentration/ Distance to Receptor 0.000001 | 0.000000004 0.00009 7.3E-10 | 0.00005 4.4E-10 0.00000004 0.000006 0.000003 0.00000007 0.0000008
Waste Concentration/ WMU Area 0.0000008 | 0.000000003 0.00006 4.8E-10 | 0.00004 2.9E-10 0.00000003 0.000004 0.000002 0.00000005 0.0000005
Adult Soil Intake/ Meteorological Location 0.000005 0.00000002 0.0004 8.1E-10 | 0.00006 2.4E-09 0.0000001 0.00002 0.000005 0.0000006 0.0000002
Adult Soil Intake/ Distance to Receptor 0.000001 | 0.000000004 0.00009 1.8E-10 | 0.00001 5.2E-10 0.00000003 0.000003 0.000001 0.0000001 0.00000004
Adult Soil Intake/ WMU Area 0.0000007 | 0.000000003 0.00006 1.2E-10 | 0.000008 3.5E-10 0.00000002 0.000002 0.0000008 0.00000008 | 0.00000002
Meteorological Location/Distance to Receptor 0.000006 0.00000003 0.0005 1.0E-09 | 0.00006 3.0E-09 0.0000002 0.00002 0.000007 0.0000007 0.0000002
Meteorological Location/WMU Area 0.000004 0.00000002 0.0004 7.1E-10 | 0.00004 2.0E-09 0.0000001 0.00001 0.000005 0.0000005 0.0000001
Distance to Receptor/WMU Area 0.0000007 | 0.000000003 0.00006 1.2E-10 | 0.000007 3.5E-10 0.00000002 0.000002 0.0000008 0.00000008 | 0.00000002
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Table H1-2d Home Gardener Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment
Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.000001 | 0.0000003 0.00006 | 3.1E-10 | 0.00002 4.4E-10 0.0000003 0.00001 0.000003 0.0000002 | 0.0000003
Single High-end Parameter
h Long Exposure 0.000001 | 0.0000003 0.00006 | 3.0E-09 | 0.00002 4.3E-09 0.0000003 0.00001 0.000003 0.0000002 | 0.0000003
z Exposed Veg. Intake 0.000003 | 0.0000006 0.0001 6.8E-10 | 0.00006 9.1E-10 0.0000006 0.00004 0.000005 0.0000003 | 0.0000006
Root Veg.Intake 0.000001 | 0.0000003 0.00006 | 3.2E-10 | 0.00002 4.5E-10 0.0000003 0.00002 0.000003 0.0000002 | 0.0000003
m Fruit Intake 0.000004 | 0.000001 0.0003 1.3E-09 | 0.00009 1.7E-09 0.000001 0.00006 0.00001 0.0000006 | 0.000001
Constituent Conc. 0.000003 | 0.0000005 0.0002 2.7E-09 | 0.0003 8.3E-10 0.0000009 0.00005 0.00001 0.0000002 0.00001
E Adult Soil Intake 0.000001 | 0.0000003 0.00008 | 3.4E-10 | 0.00002 5.4E-10 0.0000003 0.00001 0.000003 0.0000002 | 0.0000003
Meteorological Location 0.000008 | 0.000001 0.0005 1.9E-09 | 0.0003 2.8E-09 0.000001 0.0002 0.00001 0.000001 0.000001
:. Distance To Receptor 0.000003 | 0.0000008 0.0002 9.9E-10 | 0.00007 1.4E-09 0.000001 0.00003 0.000009 0.0000005 | 0.0000009
WMU Area 0.000002 | 0.0000005 0.0002 6.4E-10 | 0.00006 9.2E-10 0.0000007 0.00003 0.000005 0.0000003 | 0.0000005
U' Double High-end Parameters
Exposed Veg. Intake/Long Exposure 0.000003 | 0.0000006 0.0001 6.6E-09 | 0.00006 8.9E-09 0.0000006 0.00004 0.000005 0.0000003 | 0.0000006
o Root Veg. Intake/Long Exposure 0.000001 | 0.0000003 0.00006 | 3.1E-09 | 0.00002 4.4E-09 0.0000003 0.00002 0.000003 0.0000002 | 0.0000003
Fruit Intake/Long Exposure 0.000004 | 0.000001 0.0003 1.2E-08 | 0.00009 1.7E-08 0.000001 0.00006 0.00001 0.0000006 | 0.000001
a Constituent Conc./Long Exposure 0.000003 | 0.0000005 0.0002 2.7E-08 | 0.0003 8.1E-09 0.0000009 0.00005 0.00001 0.0000002 0.00001
Adult Soil Intake/Long Exposure 0.000001 | 0.0000003 0.00008 | 3.3E-09 | 0.00002 5.3E-09 0.0000003 0.00001 0.000003 0.0000002 | 0.0000003
m Meteorological Location/Long Exposure 0.000008 | 0.000001 0.0005 1.9E-08 | 0.0003 2.8E-08 0.000001 0.0002 0.00001 0.000001 0.000001
Distance to Receptor/Long Exposure 0.000003 | 0.0000008 0.0002 9.7E-09 | 0.00007 1.4E-08 0.000001 0.00003 0.000009 0.0000005 | 0.0000009
> WMU Area/Long Exposure 0.000002 | 0.0000005 0.0002 6.3E-09 | 0.00006 9.0E-09 0.0000007 0.00003 0.000005 0.0000003 | 0.0000005
Exposed Veg. Intake/Root Veg. Intake 0.000003 | 0.0000006 0.0001 6.9E-10 | 0.00006 9.1E-10 0.0000006 0.00004 0.000005 0.0000003 | 0.0000006
H Exposed Veg. Intake/ Fruit Intake 0.000006 | 0.000001 0.0004 1.6E-09 | 0.0001 2.2E-09 0.000001 0.00008 0.00001 0.0000007 | 0.000001
: Exposed Veg. Intake/Waste Concentration 0.000006 | 0.000001 0.0003 6.0E-09 | 0.0008 1.7E-09 0.000002 0.0001 0.00003 0.0000004 0.00003
Exposed Veg. Intake/Adult Soil Intake 0.000003 | 0.0000006 0.0002 7.1E-10 | 0.00006 1.0E-09 0.0000006 0.00004 0.000005 0.0000003 | 0.0000006
u Exposed Veg. Intake/Meteorological Location 0.00002 0.000003 0.0008 4.2E-09 | 0.0008 5.4E-09 0.000003 0.0005 0.00002 0.000002 0.000002
Exposed Veg. Intake/ Distance to Receptor 0.000008 | 0.000002 0.0004 2.2E-09 | 0.0001 2.9E-09 0.000002 0.0001 0.00002 0.000001 0.000002
u Exposed Veg. Intake/WMU Area 0.000004 | 0.000001 0.0003 1.4E-09 | 0.0001 1.9E-09 0.000001 0.00008 0.00001 0.0000006 | 0.000001
Root Veg. Intake/Fruit Intake 0.000004 | 0.000001 0.0003 1.3E-09 | 0.00009 1.7E-09 0.000001 0.00006 0.00001 0.0000006 | 0.000001
q Root Veg. Intake/Waste Concentration 0.000003 | 0.0000005 0.0002 2.8E-09 | 0.0003 8.4E-10 0.0000009 0.00006 0.00001 0.0000002 0.00001
Root Veg. Intake/Adult Soil Intake 0.000001 | 0.0000003 0.00008 | 3.5E-10 | 0.00002 5.4E-10 0.0000003 0.00002 0.000003 0.0000002 | 0.0000003
Root Veg. Intake/ Meteorological Location 0.000009 | 0.000001 0.0005 2.0E-09 | 0.0004 2.9E-09 0.000001 0.0002 0.00001 0.000001 0.000001
¢ Root Veg. Intake/ Distance to Receptor 0.000004 | 0.0000008 0.0002 1.0E-09 | 0.00007 1.4E-09 0.000001 0.00004 0.000009 0.0000005 | 0.0000009
n Root Intake/WMU Area 0.000002 | 0.0000005 0.0002 6.6E-10 | 0.00006 9.3E-10 0.0000007 0.00004 0.000006 0.0000003 | 0.0000005
Fruit Intake/Waste Concentration 0.00001 0.000002 0.0006 1.1E-08 | 0.001 3.2E-09 0.000004 0.0002 0.00005 0.0000008 0.00006
m Fruit Intake/Adult Soil Intake 0.000005 | 0.000001 0.0003 1.3E-09 | 0.00009 1.8E-09 0.000001 0.00006 0.00001 0.0000006 | 0.000001
Fruit Intake/ Meteorological Location 0.00002 0.000004 0.001 6.8E-09 | 0.001 8.6E-09 0.000005 0.0007 0.00004 0.000004 0.000004
m Fruit Intake/ Distance to Receptor 0.00001 0.000004 0.0009 4.1E-09 | 0.0002 5.5E-09 0.000004 0.0001 0.00003 0.000002 0.000004
Fruit Intake/ WMU Area 0.000008 | 0.000002 0.0006 2.7E-09 | 0.0002 3.6E-09 0.000003 0.0001 0.00002 0.000001 0.000002
: Waste Concentration/ Adult Soil Intake 0.000004 | 0.0000005 0.0002 3.0E-09 | 0.0003 1.0E-09 0.0000009 0.00006 0.00001 0.0000002 0.00001
Waste Concentration/ Meteorological Location 0.00002 0.000003 0.0009 1.7E-08 | 0.003 5.3E-09 0.000003 0.0008 0.00005 0.000001 0.00005
Waste Concentration/ Distance to Receptor 0.000008 | 0.000001 0.0005 8.8E-09 | 0.0008 2.6E-09 0.000003 0.0002 0.00004 0.0000006 0.00004
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Table H1-2d Home Gardener Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment

Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Waste Concentration/ WMU Area 0.000005 | 0.000001 0.0003 5.7E-09 | 0.0006 1.7E-09 0.000001 0.0001 0.00003 0.0000003 0.00003
Adult Soil Intake/ Meteorological Location 0.00001 0.000001 0.0007 2.3E-09 | 0.0004 4.2E-09 0.000001 0.0002 0.00001 0.000001 0.000001
Adult Soil Intake/ Distance to Receptor 0.000004 | 0.0000008 0.0002 1.1E-09 | 0.00007 1.7E-09 0.000001 0.00003 0.000009 0.0000005 | 0.0000009
Adult Soil Intake/ WMU Area 0.000002 | 0.0000005 0.0002 7.0E-10 | 0.00006 1.1E-09 0.0000007 0.00003 0.000006 0.0000004 | 0.0000005
Meteorological Location/Distance to Receptor 0.00002 0.000003 0.001 5.6E-09 | 0.0008 8.1E-09 0.000004 0.0005 0.00003 0.000002 0.000003
Meteorological Location/WMU Area 0.00002 0.000003 0.0009 3.8E-09 | 0.0006 5.5E-09 0.000003 0.0003 0.00002 0.000002 0.000003
Distance to Receptor/WMU Area 0.000005 | 0.000001 0.0003 1.4E-09 | 0.0001 2.1E-09 0.000001 0.00006 0.00001 0.0000008 | 0.000001
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Table H1-2e Fisher Individual Risk from All Ingestion Pathways for Utility Coal Co-managed Wastes Managed in Dewatered Surface Impoundment

Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Central Tendency 0.0000001 | 0.00000007 0.00002 | 6.2E-11 | 0.0000004 | 9.1E-11 | 0.00000008 | 0.0000006 | 0.0000006 0.00000003 | 0.0000001
h Single High-end Parameter
Long Exposure 0.0000001 | 0.00000007 0.00002 | 6.1E-10 | 0.0000004 | 8.9E-10 | 0.00000008 | 0.0000006 | 0.0000006 0.00000003 | 0.0000001
z Fish Intake 0.0000001 | 0.00000007 0.00005 | 6.9E-11 | 0.0000004 | 1.4E-10 | 0.00000008 | 0.000002 0.0000006 0.00000003 | 0.0000003
Waste Concentration 0.0000004 | 0.0000001 0.00004 | 5.5E-10 | 0.000004 1.7E-10 | 0.0000002 0.000002 0.000003 0.00000004 | 0.000005
m Meteorological Location 0.0000005 | 0.0000002 0.00007 | 2.0E-10 | 0.000002 | 3.1E-10 | 0.0000003 0.000002 0.000002 0.0000001 | 0.0000003
Distance to Receptor 0.0000005 | 0.0000002 0.00006 | 1.9E-10| 0.000001 | 2.8E-10 | 0.0000003 0.000002 0.000002 0.00000009 | 0.0000003
E WMU Area 0.0000003 | 0.0000001 0.00004 | 1.4E-10| 0.0000009 | 2.0E-10 | 0.0000002 0.000001 0.000001 0.00000006 | 0.0000003
Double High-end Parameters
:‘ Fish Intake/Long Exposure 0.0000001 | 0.00000007 0.00005 | 6.7E-10 | 0.0000004 | 1.4E-09 | 0.00000008 | 0.000002 0.0000006 0.00000003 | 0.0000003
Waste Concentration/Long Exposure 0.0000004 | 0.0000001 0.00004 | 5.4E-09 | 0.000004 1.7E-09 0.0000002 0.000002 0.000003 0.00000004 | 0.000005
U Meteorological Location/Long Exposure 0.0000005 | 0.0000002 0.00007 | 2.0E-09 | 0.000002 | 3.0E-09 0.0000003 0.000002 0.000002 0.0000001 | 0.0000003
Distance to Receptor/Long Exposure 0.0000005 | 0.0000002 0.00006 | 1.9E-09 | 0.000001 | 2.8E-09 0.0000003 0.000002 0.000002 0.00000009 | 0.0000003
o WMU Area/Long Exposure 0.0000003 | 0.0000001 0.00004 | 1.3E-09 | 0.0000009 | 2.0E-09 0.0000002 0.000001 0.000001 0.00000006 | 0.0000003
a Fish Intake/Waste Concentration 0.0000004 | 0.0000001 0.0001 6.1E-10 | 0.000004 | 2.6E-10 | 0.0000002 0.000009 0.000003 0.00000004 0.00001
Fish Intake/Meteorological Location 0.0000005 | 0.0000002 0.0002 2.2E-10 | 0.000002 | 4.7E-10 | 0.0000003 0.000008 0.000002 0.0000001 | 0.0000009
Fish Intake/Distance to Receptor 0.0000005 | 0.0000002 0.0001 2.1E-10 | 0.000001 | 4.4E-10 | 0.0000003 0.000007 0.000002 0.00000009 | 0.0000009
m Fish Intake/WMU Area 0.0000003 | 0.0000001 0.0001 1.5E-10 | 0.0000009 | 3.1E-10 | 0.0000002 0.000005 0.000001 0.00000006 | 0.0000007
Waste Concentration/Meteorological Location 0.000001 0.0000005 0.0001 1.8E-09 | 0.00002 5.8E-10 | 0.0000008 0.000008 0.00001 0.0000001 0.00002
> Waste Concentration/Distance to Receptor 0.000001 0.0000004 0.0001 1.7E-09 | 0.00001 5.3E-10 | 0.0000008 0.000007 0.000009 0.0000001 0.00002
H Waste Concentration/WMU Area 0.0000008 | 0.0000003 0.0001 1.2E-09 | 0.00001 3.7E-10 | 0.0000005 0.000005 0.000007 0.00000008 0.00001
Meteorological Location/Distance to Receptor 0.000001 0.0000006 0.0002 5.9E-10 | 0.000005 | 9.0E-10 | 0.0000008 0.000006 0.000006 0.0000003 0.000001
: Meteorological Location/WMU Area 0.000001 0.0000004 0.0001 4.1E-10 | 0.000004 | 6.3E-10 | 0.0000005 0.000004 0.000004 0.0000002 | 0.0000007
u Distance to Receptor/WMU Area 0.0000007 | 0.0000003 0.00009 | 2.8E-10| 0.000002 | 4.2E-10 | 0.0000004 0.000002 0.000003 0.0000001 | 0.0000005
L
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Table H1-3a Farmer Individual Risk from All Ingestion Pathways for Utility Oil Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Arsenic Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc
Central Tendency 0.0003 | 0.0000009 | 3.5E-09 | 0.00001 | 0.00000004 0.00002 0.00001 0.0000004 | 0.00002 0.001 0.000001
Single High-end Parameter
Long Exposure 0.0003 | 0.0000009 | 1.4E-08 | 0.00001 | 0.00000004 0.00002 0.00001 0.0000004 | 0.00002 0.001 0.000001
Beef intake 0.0009 | 0.000001 4.3E-09 | 0.00002 | 0.00000004 0.00002 0.00004 0.000002 | 0.00004 0.002 0.000001
Dairy Intake 0.0007 | 0.000003 1.2E-08 | 0.00002 | 0.00000004 0.00002 0.00004 0.000001 | 0.00003 0.003 0.000001
Exposed Veg. Intake 0.0003 | 0.000001 3.9E-09 | 0.00003 | 0.00000006 0.00003 0.00002 0.0000005 | 0.00004 0.001 0.000003
Root Veg. Intake 0.0003 | 0.0000009 | 3.8E-09 | 0.00002 | 0.00000004 0.00003 0.00002 0.0000004 | 0.00006 0.001 0.000002
Fruit Intake 0.0005 | 0.000001 4.5E-09 | 0.00005 | 0.0000002 0.00006 0.00002 0.0000006 | 0.00006 0.002 0.000005
Waste Concentration 0.0009 | 0.000003 1.9E-07 | 0.00006 | 0.00000004 0.0001 0.00005 0.0000004 | 0.0003 0.003 0.000007
Adult Soil Intake 0.0003 | 0.0000009 | 3.6E-09 | 0.00001 | 0.00000004 0.00002 0.00002 0.0000004 | 0.00002 0.001 0.000001
Meteorological Location 0.0004 | 0.0000007 | 3.6E-09 | 0.00002 | 0.00000003 0.00002 0.00001 0.0000004 | 0.00003 0.001 0.000002
Distance to Receptor 0.0006 | 0.000006 1.4E-08 | 0.00002 | 0.0000003 0.00002 0.00008 0.000002 | 0.00004 0.006 0.000002
Double High-end Parameters
Beef Intake/ Long Exposure 0.0009 | 0.000001 1.7E-08 | 0.00002 | 0.00000004 0.00002 0.00004 0.000002 | 0.00004 0.002 0.000001
Dairy Intake/Long Exposure 0.0007 | 0.000003 4.6E-08 | 0.00002 | 0.00000004 0.00002 0.00004 0.000001 | 0.00003 0.003 0.000001
Exposed Veg. Intake/ Long Exposure 0.0003 | 0.000001 1.6E-08 | 0.00003 | 0.00000006 0.00003 0.00002 0.0000005 | 0.00004 0.001 0.000003
Root Veg. Intake/Long Exposure 0.0003 | 0.0000009 | 1.5E-08 | 0.00002 | 0.00000004 0.00003 0.00002 0.0000004 | 0.00006 0.001 0.000002
Fruit Intake/ Long Exposure 0.0005 | 0.000001 1.8E-08 | 0.00005 | 0.0000002 0.00006 0.00002 0.0000006 | 0.00006 0.002 0.000005
Waste Concentration/Long Exposure 0.0009 | 0.000003 7.6E-07 | 0.00006 | 0.00000004 0.0001 0.00005 0.0000004 | 0.0003 0.003 0.000007
Adult Soil Intake/Long Exposure 0.0003 | 0.0000009 | 1.4E-08 | 0.00001 | 0.00000004 0.00002 0.00002 0.0000004 | 0.00002 0.001 0.000001
Meteorlogical Location/Long Exposure 0.0004 | 0.0000007 | 1.4E-08 | 0.00002 | 0.00000003 0.00002 0.00001 0.0000004 | 0.00003 0.001 0.000002
Distance to Receptor/Long Exposure 0.0006 | 0.000006 5.5E-08 | 0.00002 | 0.0000003 0.00002 0.00008 0.000002 | 0.00004 0.006 0.000002
Beef Intake/ Dairy Intake 0.001 0.000003 1.2E-08 | 0.00002 | 0.00000004 0.00002 0.00006 0.000003 | 0.00005 0.004 0.000001
Beef Intake/ Exposed Veg. Intake 0.001 0.000001 4.7E-09 | 0.00003 | 0.00000006 0.00003 0.00004 0.000002 | 0.00006 0.002 0.000003
Beef Intake/Root Vegetable Intake 0.001 0.000001 4.6E-09 | 0.00002 | 0.00000004 0.00003 0.00004 0.000002 | 0.00008 0.002 0.000002
Beef Intake/Fruit Intake 0.001 0.000001 5.3E-09 | 0.00005 | 0.0000002 0.00006 0.00005 0.000003 | 0.00007 0.003 0.000005
Beef Intake/ Waste Concentration 0.003 0.000003 2.3E-07 | 0.00006 | 0.00000004 0.0001 0.0001 0.000002 0.0005 0.006 0.000007
Beef Intake/Adult Soil Intake 0.0009 | 0.000001 4.4E-09 | 0.00002 | 0.00000004 0.00002 0.00004 0.000002 | 0.00004 0.002 0.000001
Beef Intake/Meteorological Location 0.001 | 0.0000008 | 4.4E-09 | 0.00002 | 0.00000003 0.00002 0.00004 0.000002 | 0.00004 0.002 0.000002
Beef Intake/Distance to Receptor 0.002 0.000007 1.7E-08 | 0.00002 | 0.0000003 0.00002 0.0003 0.000009 0.0001 0.01 0.000002
Dairy Intake/Exposed Vegetable Intake 0.0007 | 0.000003 1.2E-08 | 0.00004 | 0.00000006 0.00003 0.00004 0.000001 | 0.00005 0.004 0.000003
Dairy Intake/Root Vegetable Intake 0.0007 | 0.000003 1.2E-08 | 0.00002 | 0.00000004 0.00003 0.00004 0.000001 | 0.00006 0.004 0.000002
Dairy Intake/Fruit Intake 0.0009 | 0.000003 1.2E-08 | 0.00005 | 0.0000002 0.00006 0.00004 0.000001 | 0.00006 0.004 0.000005
Dairy Intake/Waste Concentration 0.001 0.00001 6.2E-07 | 0.00008 | 0.00000004 0.0001 0.0001 0.000001 0.0003 0.008 0.000007
Dairy Intake/Adult Soil Intake 0.0007 | 0.000003 1.2E-08 | 0.00002 | 0.00000004 0.00002 0.00004 0.000001 | 0.00003 0.003 0.000001
Dairy Intake/ Meteorological Location 0.0008 | 0.000002 1.1E-08 | 0.00002 | 0.00000003 0.00002 0.00004 0.000001 | 0.00003 0.003 0.000002
Dairy Intake/Distance to Receptor 0.001 0.00002 4.6E-08 | 0.00003 | 0.0000003 0.00002 0.0002 0.000005 | 0.00008 0.02 0.000002
Exposed Veg. Intake/ Root Veg. Intake 0.0004 | 0.000001 4.2E-09 | 0.00004 | 0.00000006 0.00004 0.00002 0.0000005 | 0.00007 0.002 0.000004
Exposed Veg. Intake/ Fruit Intake 0.0006 | 0.000001 4.9E-09 | 0.00006 | 0.0000002 0.00007 0.00002 0.0000007 | 0.00007 0.002 0.000006
Exposed Veg. Intake/Waste Concentration 0.001 0.000003 2.1E-07 0.0001 | 0.00000006 0.0002 0.00005 0.0000005 | 0.0004 0.003 0.00001
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Table H1-3a Farmer Individual Risk from All Ingestion Pathways for Utility Oil Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Arsenic Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc
Exposed Veg. Intake/Adult Soil Intake 0.0004 | 0.000001 4.0E-09 | 0.00003 | 0.00000007 0.00003 0.00002 0.0000005 | 0.00004 0.002 0.000003
Exposed Veg. Intake/Meteorological Location 0.0005 | 0.0000008 | 4.0E-09 | 0.00003 | 0.00000004 0.00004 0.00002 0.0000005 | 0.00004 0.001 0.000003
Exposed Veg. Intake/Distance to Receptor 0.0008 | 0.000006 1.5E-08 | 0.00004 | 0.0000004 0.00004 0.00009 0.000002 | 0.00006 0.007 0.000004
Root Veg. Intake/Fruit Intake 0.0006 | 0.000001 4.8E-09 | 0.00005 | 0.0000002 0.00007 0.00002 0.0000006 | 0.00009 0.002 0.000005
Root Veg. Intake/Waste Concentration 0.001 0.000003 2.1E-07 | 0.00007 | 0.00000004 0.0002 0.00005 0.0000004 | 0.0006 0.003 0.00001
Root Veg. Intake/Adult Soil Intake 0.0004 | 0.0000009 | 3.9E-09 | 0.00002 | 0.00000004 0.00003 0.00002 0.0000004 | 0.00006 0.002 0.000002
Root Veg. Intake/Meteorological Location 0.0005 | 0.0000008 | 3.9E-09 | 0.00002 | 0.00000003 0.00004 0.00002 0.0000004 | 0.00007 0.001 0.000003
Root Veg. Intake/Distance to Receptor 0.0007 | 0.000006 1.4E-08 | 0.00003 | 0.0000003 0.00004 0.00009 0.000002 | 0.00008 0.007 0.000004
Fruit Intake/Waste Concentration 0.001 0.000003 2.4E-07 0.0002 0.0000002 0.0004 0.00007 0.0000006 | 0.0006 0.004 0.00002
Fruit Intake/Adult Soil Intake 0.0005 | 0.000001 4.6E-09 | 0.00005 | 0.0000002 0.00006 0.00002 0.0000007 | 0.00006 0.002 0.000005
Fruit Intake/Meteorological Location 0.0006 | 0.0000008 | 4.7E-09 | 0.00005 | 0.0000001 0.00007 0.00002 0.0000007 | 0.00007 0.002 0.000006
Fruit Intake/Distance to Receptor 0.001 0.000006 1.7E-08 | 0.00006 0.000001 0.00008 0.0001 0.000002 | 0.00009 0.009 0.000008
Waste Concentration/Adult Soil Intake 0.0009 | 0.000003 1.9E-07 | 0.00006 | 0.00000004 0.0001 0.00005 0.0000004 | 0.0003 0.003 0.000007
Waste Concentration/Meteorological Location 0.001 0.000002 2.0E-07 | 0.00008 | 0.00000003 0.0001 0.00004 0.0000004 | 0.0003 0.003 0.000008
Waste Concentration/Distance to Receptor 0.002 0.00002 7.9E-07 | 0.00009 | 0.0000003 0.0002 0.0003 0.000002 0.0006 0.01 0.00001
Adult Soil Intake/Meteorological Location 0.0004 | 0.0000007 | 3.6E-09 | 0.00002 | 0.00000003 0.00002 0.00002 0.0000005 | 0.00003 0.001 0.000002
Adult Soil Intake/Distance to Receptor 0.0006 | 0.000006 1.4E-08 | 0.00002 | 0.0000003 0.00002 0.00008 0.000002 | 0.00004 0.006 0.000002
Meteorological Location/Distance to Receptor 0.0008 | 0.000004 1.3E-08 | 0.00003 | 0.0000002 0.00004 0.00007 0.000002 0.00006 0.005 0.000004
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Table H1-3b Child of Farmer Individual Risk for All Ingestion Pathways from Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Arsenic Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc

Central Tendency 0.02 0.0000012 3.8E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031

Single High-end Parameter
Long Exposure 0.02 0.0000012 4.8E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Beef intake 0.021 | 0.0000013 3.8E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Dairy Intake 0.021 | 0.0000022 4.2E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Exposed Veg. Intake 0.021 | 0.0000013 3.8E-08 0.00052 0.000004 0.00032 0.00082 0.000021 | 0.00022 0.1 0.000032
Root Veg. Intake 0.02 0.0000012 3.8E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Fruit Intake 0.021 | 0.0000013 3.9E-08 0.00053 | 0.0000041 0.00035 0.00083 0.000021 | 0.00024 0.1 0.000034
Waste Concentration 0.051 | 0.0000038 2.2E-06 0.002 0.000004 0.002 0.0021 0.000021 | 0.0022 0.3 0.0002
Adult Soil Intake 0.02 0.0000012 3.9E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Child Soil Intake 0.04 0.0000015 9.3E-08 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Meteorological Location 0.02 0.000001 4.6E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00021 0.1 0.000041
Distance to Receptor 0.031 | 0.0000067 8.2E-08 0.00091 | 0.0000071 0.00051 0.0021 0.000043 | 0.00045 0.21 0.000071

Double High-end Parameters
Beef Intake/ Long Exposure 0.021 | 0.0000013 4.8E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Dairy Intake/Long Exposure 0.021 | 0.0000022 5.7E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Exposed Veg. Intake/ Long Exposure 0.021 | 0.0000013 4.8E-08 0.00052 0.000004 0.00032 0.00082 0.000021 | 0.00022 0.1 0.000032
Root Veg. Intake/Long Exposure 0.02 0.0000012 4.8E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Fruit Intake/ Long Exposure 0.021 | 0.0000013 5.0E-08 0.00053 | 0.0000041 0.00035 0.00083 0.000021 | 0.00024 0.1 0.000034
Waste Concentration/Long Exposure 0.051 0.0000038 2.7E-06 0.002 0.000004 0.002 0.0021 0.000021 0.0022 0.3 0.0002
Adult Soil Intake/Long Exposure 0.02 0.0000012 5.5E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Child Soil Intake/Long Exposure 0.04 0.0000015 1.0E-07 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Meteorological Location/Long Exposure 0.02 0.000001 5.8E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00021 0.1 0.000041
Distance to Receptor/Long Exposure 0.031 | 0.0000067 1.1E-07 0.00091 | 0.0000071 0.00051 0.0021 0.000043 | 0.00045 0.21 0.000071
Beef Intake/ Dairy Intake 0.021 | 0.0000023 4.2E-08 0.00051 0.000004 0.00031 0.00084 0.000022 | 0.00023 0.1 0.000031
Beef Intake/ Exposed Veg. Intake 0.021 | 0.0000013 3.8E-08 0.00052 0.000004 0.00032 0.00083 0.000021 | 0.00023 0.1 0.000032
Beef Intake/Root Vegetable Intake 0.021 | 0.0000013 3.8E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00023 0.1 0.000031
Beef Intake/Fruit Intake 0.021 | 0.0000013 3.9E-08 0.00053 | 0.0000041 0.00035 0.00084 0.000022 | 0.00025 0.1 0.000034
Beef Intake/Waste Concentration 0.052 | 0.0000039 2.2E-06 0.002 0.000004 0.002 0.0021 0.000021 | 0.0022 0.3 0.0002
Beef Intake/Adult Soil Intake 0.021 | 0.0000013 3.9E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Beef Intake/Child Soil Intake 0.041 | 0.0000016 9.4E-08 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Beef Intake/Meteorological Location 0.021 | 0.0000011 4.7E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00022 0.1 0.000041
Beef Intake/Distance to Receptor 0.031 | 0.0000069 8.3E-08 0.00091 | 0.0000071 0.00051 0.0022 0.000046 | 0.00047 0.21 0.000071
Dairy Intake/Exposed Vegetable Intake 0.021 | 0.0000023 4.2E-08 0.00052 0.000004 0.00032 0.00083 0.000021 | 0.00023 0.1 0.000032
Dairy Intake/Root Vegetable Intake 0.021 | 0.0000022 4.2E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Dairy Intake/Fruit Intake 0.021 | 0.0000023 4.2E-08 0.00054 | 0.0000041 0.00035 0.00084 0.000021 | 0.00025 0.1 0.000034
Dairy Intake/Waste Concentration 0.052 | 0.0000088 2.4E-06 0.002 0.000004 0.002 0.0021 0.000021 | 0.0022 0.31 0.0002
Dairy Intake/ Adult Soil Intake 0.021 | 0.0000022 4.2E-08 0.00051 0.000004 0.00031 0.00083 0.000021 | 0.00022 0.1 0.000031
Dairy Intake/ Child Soil Intake 0.041 | 0.0000025 9.7E-08 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Dairy Intake/ Meteorological Location 0.021 | 0.0000022 5.0E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00022 0.1 0.000041
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Table H1-3b Child of Farmer Individual Risk for All Ingestion Pathways from Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Arsenic Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc
Dairy Intake/Distance to Receptor 0.031 0.000021 9.7E-08 0.00092 | 0.0000071 0.00051 0.0022 0.000045 | 0.00047 0.21 0.000071
Exposed Veg. Intake/ Root Veg. Intake 0.021 | 0.0000013 3.8E-08 0.00052 0.000004 0.00032 0.00082 0.000021 | 0.00023 0.1 0.000032
Exposed Veg. Intake/ Fruit Intake 0.021 | 0.0000013 3.9E-08 0.00054 | 0.0000041 0.00036 0.00083 0.000021 | 0.00025 0.1 0.000035
Exposed Veg. Intake/Waste Concentration 0.051 0.0000039 2.2E-06 0.0021 0.000004 0.0021 0.0021 0.000021 0.0022 0.3 0.00021
Exposed Veg. Intake/Adult Soil Intake 0.021 | 0.0000013 3.9E-08 0.00052 0.000004 0.00032 0.00082 0.000021 | 0.00022 0.1 0.000032
Exposed Veg. Intake/Child Soil Intake 0.041 | 0.0000016 9.4E-08 0.001 0.000009 0.00082 0.002 0.000061 | 0.00052 0.3 0.000092
Exposed Veg. Intake/Meteorological Location 0.021 0.000001 4.7E-08 0.00062 0.000004 0.00033 0.001 0.000031 | 0.00022 0.1 0.000042
Exposed Veg. Intake/Distance to Receptor 0.031 | 0.0000067 8.3E-08 0.00093 | 0.0000073 0.00053 0.0021 0.000043 | 0.00047 0.21 0.000073
Root Veg. Intake/Fruit Intake 0.021 | 0.0000013 3.9E-08 0.00053 | 0.0000041 0.00036 0.00083 0.000021 | 0.00025 0.1 0.000034
Root Veg. Intake/Waste Concentration 0.051 | 0.0000038 2.2E-06 0.002 0.000004 0.002 0.0021 0.000021 | 0.0022 0.3 0.0002
Root Veg. Intake/Adult Soil Intake 0.02 0.0000012 3.9E-08 0.00051 0.000004 0.00031 0.00082 0.000021 | 0.00022 0.1 0.000031
Root Veg. Intake/Child Soil Intake 0.04 0.0000015 9.3E-08 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Root Veg. Intake/Meteorological Location 0.02 0.000001 4.7E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00022 0.1 0.000041
Root Veg. Intake/Distance to Receptor 0.031 | 0.0000067 8.2E-08 0.00091 | 0.0000071 0.00051 0.0021 0.000043 | 0.00046 0.21 0.000071
Fruit Intake/Waste Concentration 0.052 | 0.0000041 2.2E-06 0.0021 0.0000041 0.0023 0.0021 0.000021 | 0.0025 0.3 0.00022
Fruit Intake/Adult Soil Intake 0.021 | 0.0000013 4.0E-08 0.00053 | 0.0000041 0.00035 0.00083 0.000021 | 0.00024 0.1 0.000034
Fruit Intake/Child Soil Intake 0.041 | 0.0000016 9.4E-08 0.001 0.0000091 0.00085 0.002 0.000061 | 0.00054 0.3 0.000094
Fruit Intake/Meteorological Location 0.021 | 0.0000011 4.7E-08 0.00065 | 0.0000041 0.00036 0.001 0.000031 | 0.00025 0.1 0.000045
Fruit Intake/Distance to Receptor 0.031 0.000007 8.4E-08 0.00096 0.000008 0.00056 0.0022 0.000044 | 0.00049 0.21 0.000076
Waste Concentration/ Adult Soil Intake 0.051 | 0.0000038 2.2E-06 0.002 0.000004 0.002 0.0021 0.000021 | 0.0022 0.3 0.0002
Waste Concentration/ Child Soil Intake 0.1 0.0000051 5.3E-06 0.005 0.000009 0.005 0.0061 0.000061 | 0.0062 0.7 0.0004
Waste Concentration/Meteorological Location 0.061 0.000004 2.7E-06 0.002 0.000004 0.0021 0.0031 0.000031 | 0.0032 0.3 0.0002
Waste Concentration/Distance to Receptor 0.092 0.000023 4.7E-06 0.003 0.0000071 0.0031 0.0053 0.000043 0.0055 0.51 0.00031
Adult Soil Intake/Child Soil Intake 0.04 0.0000015 9.4E-08 0.001 0.000009 0.00081 0.002 0.000061 | 0.00052 0.3 0.000091
Adult Soil Intake/Meteorological Location 0.02 0.000001 4.8E-08 0.00061 0.000004 0.00031 0.001 0.000031 | 0.00021 0.1 0.000041
Adult Soil Intake/Distance to Receptor 0.031 | 0.0000067 8.4E-08 0.00091 | 0.0000071 0.00051 0.0021 0.000043 | 0.00045 0.21 0.000071
Child Soil Intake/ Meteorological Location 0.05 0.0000014 1.2E-07 0.001 0.00001 0.00091 0.003 0.000071 | 0.00061 0.4 0.0001
Child Soil Intake/Distance to Receptor 0.081 | 0.0000073 1.9E-07 0.002 0.00002 0.001 0.0041 0.0001 0.0011 0.61 0.0002
Meteorological Location/Distance to Receptor 0.041 | 0.0000057 9.9E-08 0.00092 0.0000091 0.00062 0.0021 0.000053 | 0.00054 0.31 0.000082
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Table H1-3c Adult Resident Individual Risk from All Ingestion Pathways for Utility Oil C-Managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Arsenic | Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc
Central Tendency 0.0004 | 0.000000005 | 4.4E-10 | 0.00001 | 0.00000008 | 0.000007 0.00002 0.0000005 | 0.000004 0.003 0.0000008
Single High-end Parameter
Long Exposure 0.0004 | 0.000000005 | 4.4E-09 | 0.00001 | 0.00000008 | 0.000007 0.00002 0.0000005 | 0.000004 0.003 0.0000008
Constituent Conc. 0.001 0.00000002 2.5E-08 | 0.00005 | 0.00000008 0.00004 0.00005 0.0000005 | 0.00006 0.006 0.000004
Adult Soil Intake 0.0008 | 0.00000001 9.8E-10 | 0.00003 | 0.0000002 0.00001 0.00004 0.000001 0.00001 0.006 0.000002
Meteorological Location 0.0005 | 0.000000006 | 5.5E-10 | 0.00001 | 0.0000001 0.000008 0.00002 0.0000006 | 0.000006 0.003 0.000001
Distance To Receptor 0.0007 | 0.00000001 9.0E-10 | 0.00002 | 0.0000002 0.00001 0.00004 0.000001 | 0.000009 0.005 0.000002
Double High-end Parameters
Constituent Conc./Long Exposure 0.001 0.00000002 2.5E-07 | 0.00005 | 0.00000008 0.00004 0.00005 0.0000005 | 0.00006 0.006 0.000004
Adult Soil Intake/Long Exposure 0.0008 | 0.00000001 9.6E-09 | 0.00003 | 0.0000002 0.00001 0.00004 0.000001 0.00001 0.006 0.000002
Meteorological Location/Long Exposure 0.0005 | 0.000000006 | 5.4E-09 | 0.00001 | 0.0000001 0.000008 0.00002 0.0000006 | 0.000006 0.003 0.000001
Distance to Receptor/Long Exposure 0.0007 | 0.00000001 8.8E-09 | 0.00002 | 0.0000002 0.00001 0.00004 0.000001 | 0.000009 0.005 0.000002
Waste Concentration/ Adult Soil Intake 0.002 0.00000004 5.6E-08 0.0001 0.0000002 0.00009 0.0001 0.000001 0.0001 0.01 0.000008
Waste Concentration/ Meteorological Location 0.001 0.00000002 3.2E-08 | 0.00005 | 0.0000001 0.00005 0.00007 0.0000006 | 0.00007 0.008 0.000005
Waste Concentration/ Distance to Receptor 0.002 0.00000004 5.1E-08 | 0.00008 | 0.0000002 0.00008 0.0001 0.000001 0.0001 0.01 0.000007
Adult Soil Intake/ Meteorological Location 0.001 0.00000001 1.2E-09 | 0.00003 | 0.0000002 0.00002 0.00005 0.000001 0.00001 0.007 0.000002
Adult Soil Intake/ Distance to Receptor 0.002 0.00000002 2.0E-09 | 0.00004 | 0.0000004 0.00003 0.00008 0.000002 0.00002 0.01 0.000004
Meteorological Location/Distance to Receptor 0.0009 0.00000001 1.1E-09 | 0.00002 | 0.0000002 0.00001 0.00005 0.000001 0.00001 0.007 0.000002

<
L
=
=
O
o
(@]
98
=
—
-
O
[+ 4
<
<
Q.
w
2]
=

9/17/99 Ingest_Results-SSB-LF.xls




Table H1-3d Home Gardener Individual Risk from All Ingestion Pathways for Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

[Parameters Set to High-end Nickel Silver Arsenic | Barium Boron Cadmium | Chromium VI Cobalt Copper | Vanadium Zinc
(Central Tendency 0.0004 | 0.00000001 | 4.8E-10 | 0.00001 | 0.00000009 | 0.00001 0.00002 0.0000005 | 0.000007 0.003 0.000001
Single High-end Parameter

Long Exposure 0.0004 | 0.00000001 | 4.7E-09 | 0.00001 | 0.00000009 | 0.00001 0.00002 0.0000005 | 0.000007 0.003 0.000001
Exposed Veg. Intake 0.0005 | 0.00000002 | 5.4E-10 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00001 0.003 0.000002
Root Veg.Intake 0.0004 | 0.00000001 | 4.8E-10 | 0.00001 | 0.00000009 | 0.00001 0.00002 0.0000005 | 0.000009 0.003 0.000001
Fruit Intake 0.0005 | 0.00000003 | 5.7E-10 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00002 0.003 0.000002
Constituent Conc. 0.001 | 0.00000004 | 2.7E-08 | 0.00006 | 0.00000009 | 0.00006 0.00005 0.0000005 | 0.0001 0.006 0.000006
Adult Soil Intake 0.0008 | 0.00000002 | 1.0E-09 | 0.00003 | 0.0000002 | 0.00002 0.00004 0.000001 | 0.00001 0.006 0.000002
Meteorological Location 0.0005 | 0.00000001 | 5.9E-10 | 0.00001 | 0.0000001 | 0.00001 0.00002 0.0000006 | 0.00001 0.003 0.000002
Distance To Receptor 0.0007 | 0.00000004 | 9.8E-10 | 0.00003 | 0.0000003 | 0.00002 0.00004 0.000001 | 0.00001 0.005 0.000003
Double High-end Parameters
Exposed Veg. Intake/Long Exposure 0.0005 | 0.00000002 | 5.2E-09 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00001 0.003 0.000002
Root Veg. Intake/Long Exposure 0.0004 | 0.00000001 | 4.7E-09 | 0.00001 | 0.00000009 | 0.00001 0.00002 0.0000005 | 0.000009 0.003 0.000001
Fruit Intake/Long Exposure 0.0005 | 0.00000003 | 5.6E-09 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00002 0.003 0.000002
Constituent Conc./Long Exposure 0.001 | 0.00000004 | 2.7E-07 | 0.00006 | 0.00000009 | 0.00006 0.00005 0.0000005 | 0.0001 0.006 0.000006
Adult Soil Intake/Long Exposure 0.0008 | 0.00000002 | 9.9E-09 | 0.00003 | 0.0000002 | 0.00002 0.00004 0.000001 | 0.00001 0.006 0.000002
Meteorological Location/Long Exposure 0.0005 | 0.00000001 | 5.8E-09 | 0.00001 | 0.0000001 | 0.00001 0.00002 0.0000006 | 0.00001 0.003 0.000002
Distance to Receptor/Long Exposure 0.0007 | 0.00000004 | 9.6E-09 | 0.00003 | 0.0000003 | 0.00002 0.00004 0.000001 | 0.00001 0.005 0.000003
Exposed Veg. Intake/Root Veg. Intake 0.0005 | 0.00000002 | 5.4E-10 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00002 0.003 0.000002
Exposed Veg. Intake/ Fruit Intake 0.0005 | 0.00000004 | 6.3E-10 | 0.00003 | 0.0000001 | 0.00003 0.00002 0.0000006 | 0.00002 0.003 0.000003
Exposed Veg. Intake/Waste Concentration 0.001 | 0.00000007 | 3.1E-08 | 0.00009 | 0.0000001 0.0001 0.00005 0.0000006 | 0.0002 0.006 0.000009
Exposed Veg. Intake/Adult Soil Intake 0.0009 | 0.00000002 | 1.1E-09 | 0.00004 | 0.0000002 | 0.00002 0.00004 0.000001 | 0.00002 0.006 0.000003
Exposed Veg. Intake/Meteorological Location 0.0006 | 0.00000002 | 6.6E-10 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000007 | 0.00002 0.003 0.000002
Exposed Veg. Intake/ Distance to Receptor 0.0008 | 0.00000007 | 1.1E-09 | 0.00003 | 0.0000004 | 0.00002 0.00005 0.000001 | 0.00002 0.006 0.000003
Root Veg. Intake/Fruit Intake 0.0005 | 0.00000003 | 5.8E-10 | 0.00002 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00002 0.003 0.000002
Root Veg. Intake/Waste Concentration 0.001 | 0.00000004 | 2.8E-08 | 0.00007 | 0.00000009 | 0.00006 0.00005 0.0000005 | 0.0001 0.006 0.000006
Root Veg. Intake/Adult Soil Intake 0.0008 | 0.00000002 | 1.0E-09 | 0.00003 | 0.0000002 | 0.00002 0.00004 0.000001 | 0.00002 0.006 0.000002
Root Veg. Intake/ Meteorological Location 0.0005 | 0.00000001 | 6.0E-10 | 0.00001 | 0.0000001 | 0.00001 0.00002 0.0000006 | 0.00001 0.003 0.000002
Root Veg. Intake/ Distance to Receptor 0.0007 | 0.00000004 | 9.9E-10 | 0.00003 | 0.0000003 | 0.00002 0.00004 0.000001 | 0.00002 0.005 0.000003
Fruit Intake/Waste Concentration 0.001 | 0.0000001 | 3.3E-08 | 0.0001 | 0.0000001 0.0001 0.00006 0.0000006 | 0.0002 0.006 0.00001
Fruit Intake/Adult Soil Intake 0.0009 | 0.00000003 | 1.1E-09 | 0.00004 | 0.0000002 | 0.00002 0.00004 0.000001 | 0.00002 0.006 0.000003
Fruit Intake/ Meteorological Location 0.0006 | 0.00000003 | 7.0E-10 | 0.00002 | 0.0000001 | 0.00003 0.00002 0.0000007 | 0.00002 0.003 0.000002
Fruit Intake/ Distance to Receptor 0.0009 | 0.0000001 | 1.3E-09 | 0.00004 | 0.0000005 | 0.00003 0.00005 0.000001 | 0.00003 0.006 0.000004
Waste Concentration/ Adult Soil Intake 0.002 | 0.00000006 | 5.8E-08 | 0.0001 | 0.0000002 0.0001 0.0001 0.000001 | 0.0001 0.01 0.00001
Waste Concentration/ Meteorological Location 0.001 | 0.00000004 | 3.4E-08 | 0.00007 | 0.0000001 0.00008 0.00007 0.0000006 | 0.0001 0.008 0.000007
Waste Concentration/ Distance to Receptor 0.002 | 0.0000001 | 5.6E-08 | 0.0001 | 0.0000003 0.0001 0.0001 0.000001 | 0.0002 0.01 0.00001
Adult Soil Intake/ Meteorological Location 0.001 | 0.00000002 | 1.3E-09 | 0.00003 | 0.0000002 | 0.00003 0.00005 0.000001 | 0.00001 0.007 0.000003
Adult Soil Intake/ Distance to Receptor 0.002 | 0.00000005| 2.1E-09 | 0.00005 | 0.0000005 | 0.00004 0.00008 0.000002 | 0.00003 0.01 0.000005
Meteorological Location/Distance to Receptor 0.001 | 0.00000004 | 1.2E-09 | 0.00003 | 0.0000003 | 0.00002 0.00005 0.000001 | 0.00002 0.007 0.000003
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Table H1-3e Fisher Individual Risk from All Ingestion Pathways for Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Arsenic Barium Boron Cadmium Chromium VI Cobalt Copper Vanadium Zinc

Central Tendency 0.000008 | 0.000001 5.6E-11 | 0.00000003 | 0.0000007 0.0000001 0.000005 0.00000003 0.0000009 0.0001 0.0000001

Single High-end Parameter
Long Exposure 0.000008 | 0.000001 5.5E-10 | 0.00000003 | 0.0000007 0.0000001 0.000005 0.00000003 0.0000009 0.0001 0.0000001
Fish Intake 0.000008 | 0.000001 6.2E-11 | 0.00000003 | 0.0000007 0.0000005 0.000005 0.00000003 0.0000009 0.0001 0.0000004
Waste Concentration 0.00002 0.000004 3.2E-09 0.0000001 0.0000007 0.0000007 0.00002 0.00000003 0.00001 0.0003 0.0000005
Meteorological Location 0.000001 | 0.00000005 | 5.3E-12 | 0.00000001 | 0.00000004 | 0.00000002 0.0000004 0.000000004 | 0.00000008 0.00002 0.00000001
Distance to Receptor 0.00001 0.000001 6.6E-11 | 0.00000005 | 0.0000007 0.0000002 0.000006 0.00000004 0.000001 0.0002 0.0000001

Double High-end Parameters
Fish Intake/Long Exposure 0.000008 | 0.000001 6.1E-10 | 0.00000003 | 0.0000007 0.0000005 0.000005 0.00000003 0.0000009 0.0001 0.0000004
Waste Concentration/Long Exposure 0.00002 0.000004 3.1E-08 0.0000001 0.0000007 0.0000007 0.00002 0.00000003 0.00001 0.0003 0.0000005
Meteorological Location/Long Exposure 0.000001 | 0.00000005 | 5.2E-11 | 0.00000001 | 0.00000004 | 0.00000002 0.0000004 0.000000004 | 0.00000008 0.00002 0.00000001
Distance to Receptor/Long Exposure 0.00001 0.000001 6.5E-10 | 0.00000005 | 0.0000007 0.0000002 0.000006 0.00000004 0.000001 0.0002 0.0000001
Fish Intake/Waste Concentration 0.00002 0.000004 3.5E-09 0.0000001 0.0000007 0.000002 0.00002 0.00000003 0.00001 0.0003 0.000002
Fish Intake/Meteorological Location 0.000001 | 0.00000005 | 5.9E-12 | 0.00000001 | 0.00000004 | 0.0000001 0.0000004 0.000000004 | 0.00000008 0.00002 0.00000005
Fish Intake/Distance to Receptor 0.00001 0.000001 7.3E-11 | 0.00000005 | 0.0000007 0.0000007 0.000006 0.00000004 0.000001 0.0002 0.0000005
Waste Concentration/Meteorological Location 0.000004 | 0.0000002 3.0E-10 | 0.00000005 | 0.00000004 | 0.0000002 0.000001 0.000000004 0.000001 0.00004 0.00000006
Waste Concentration/Distance to Receptor 0.00003 0.000004 3.8E-09 0.0000002 0.0000007 0.000001 0.00002 0.00000004 0.00001 0.0004 0.0000006
Meteorological Location/Distance to Receptor 0.000004 | 0.00000006 | 1.3E-11 | 0.00000003 | 0.00000005 | 0.00000008 0.0000009 0.000000009 | 0.0000002 0.00004 0.00000004
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Table H1-4a Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

[lParameters Set to High-end Nickel Silver Thallium | Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Central Tendency 0.000002 | 0.000001 0.0001 2.7E-09 | 0.00004 4.5E-10 0.00000003 | 0.00002 0.000002 0.0000002 | 0.0000003
Single High-end Parameter

Long Exposure 0.000002 | 0.000001 0.0001 8.0E-09 | 0.00004 1.3E-09 0.00000003 | 0.00002 0.000002 0.0000002 | 0.0000003
Beef intake 0.000005 | 0.000001 0.001 3.2E-09 | 0.00004 9.0E-10 0.00000003 | 0.00002 0.000005 0.000001 | 0.0000004
Dairy Intake 0.000004 | 0.000005 0.0003 8.6E-09 | 0.00005 4.5E-10 0.00000003 | 0.00002 0.000005 0.0000005 | 0.000001
Exposed Veg. Intake 0.000002 | 0.000001 0.0001 2.9E-09 | 0.00007 7.2E-10 0.00000004 | 0.00004 0.000002 0.0000003 | 0.0000004
Root Veg. Intake 0.000002 | 0.000001 0.0001 2.9E-09 | 0.00006 5.7E-10 0.00000003 | 0.00004 0.000002 0.0000002 | 0.0000004
Fruit Intake 0.000003 | 0.000001 0.0002 3.4E-09 | 0.0001 1.2E-09 0.0000001 0.00007 0.000002 0.0000003 | 0.0000004
Waste Concentration 0.000005 | 0.000003 0.0003 2.4E-08 | 0.0004 8.3E-10 0.00000008 | 0.00008 0.000009 0.0000002 | 0.00002
Adult Soil Intake 0.000002 | 0.000001 0.0001 2.7E-09 | 0.00004 5.8E-10 0.00000003 | 0.00002 0.000002 0.0000002 | 0.0000003
Meteorological Location 0.000002 | 0.000001 0.0001 2.8E-09 | 0.00005 5.3E-10 0.00000003 | 0.00003 0.000002 0.0000002 | 0.0000003
Distance to Receptor 0.000004 | 0.00001 0.0007 1.2E-08 | 0.00006 1.3E-09 0.0000002 0.00003 0.00001 0.0000009 | 0.000003
WMU Area 0.000007 | 0.000005 0.0006 1.1E-08 | 0.0002 1.9E-09 0.0000001 0.00008 0.000007 0.0000009 | 0.000001
Double High-end Parameters

Beef Intake/ Long Exposure 0.000005 | 0.000001 0.001 9.7E-09 | 0.00004 2.7E-09 0.00000003 | 0.00002 0.000005 0.000001 | 0.0000004
Dairy Intake/Long Exposure 0.000004 | 0.000005 0.0003 2.6E-08 | 0.00005 1.3E-09 0.00000003 | 0.00002 0.000005 0.0000005 | 0.000001
Exposed Veg. Intake/ Long Exposure 0.000002 | 0.000001 0.0001 8.8E-09 | 0.00007 2.2E-09 0.00000004 | 0.00004 0.000002 0.0000003 | 0.0000004
Root Veg. Intake/Long Exposure 0.000002 | 0.000001 0.0001 8.6E-09 | 0.00006 1.7E-09 0.00000003 | 0.00004 0.000002 0.0000002 | 0.0000004
Fruit Intake/ Long Exposure 0.000003 | 0.000001 0.0002 1.0E-08 | 0.0001 3.6E-09 0.0000001 0.00007 0.000002 0.0000003 | 0.0000004
Waste Concentration/Long Exposure 0.000005 | 0.000003 0.0003 7.1E-08 | 0.0004 2.5E-09 0.00000008 | 0.00008 0.000009 0.0000002 | 0.00002
Adult Soil Intake/Long Exposure 0.000002 | 0.000001 0.0001 8.1E-09 | 0.00004 1.7E-09 0.00000003 | 0.00002 0.000002 0.0000002 | 0.0000003
Meteorlogical Location/Long Exposure 0.000002 | 0.000001 0.0001 8.5E-09 | 0.00005 1.6E-09 0.00000003 | 0.00003 0.000002 0.0000002 | 0.0000003
Distance to Receptor/Long Exposure 0.000004 | 0.00001 0.0007 3.6E-08 | 0.00006 4.0E-09 0.0000002 0.00003 0.00001 0.0000009 | 0.000003
WMU ArealLong Exposure 0.000007 | 0.000005 0.0006 3.3E-08 | 0.0002 5.7E-09 0.0000001 0.00008 0.000007 0.0000009 | 0.000001
Beef Intake/ Dairy Intake 0.000008 | 0.000005 0.001 9.2E-09 | 0.00006 9.0E-10 0.00000003 | 0.00002 0.000008 0.000001 | 0.000001
Beef Intake/ Exposed Veg. Intake

Beef Intake/Root Vegetable Intake 0.000006 | 0.000001 0.001 3.5E-09 | 0.00006 1.0E-09 0.00000003 | 0.00004 0.000006 0.000001 | 0.0000004
Beef Intake/Fruit Intake 0.000007 | 0.000001 0.001 4.0E-09 | 0.0001 1.7E-09 0.0000001 0.00007 0.000006 0.000001 | 0.0000005
Beef Intake/ Waste Concentration 0.00001 | 0.000004 0.002 2.9E-08 | 0.0004 1.7E-09 0.00000008 | 0.00008 0.00003 0.000001 0.00002
Beef Intake/Adult Soil Intake 0.000006 | 0.000001 0.001 3.3E-09 | 0.00004 1.0E-09 0.00000003 | 0.00002 0.000006 0.000001 | 0.0000004
Beef Intake/Meteorological Location 0.000007 | 0.000001 0.001 3.5E-09 | 0.00005 1.0E-09 0.00000003 | 0.00003 0.000004 0.000001 | 0.0000004
Beef Intake/Distance to Receptor 0.00001 | 0.00001 0.005 1.5E-08 | 0.00006 3.3E-09 0.0000002 0.00003 0.00003 0.000006 | 0.000004
Beef Intake/WMU Area 0.00003 | 0.000006 0.004 1.3E-08 | 0.0002 3.8E-09 0.0000001 0.00008 0.00002 0.000005 | 0.000001
Dairy Intake/Exposed Vegetable Intake 0.000004 | 0.000005 0.0003 8.9E-09 | 0.00008 7.3E-10 0.00000004 | 0.00004 0.000005 0.0000006 | 0.000001
Dairy Intake/Root Vegetable Intake 0.000004 | 0.000005 0.0003 8.8E-09 | 0.00007 5.7E-10 0.00000003 | 0.00004 0.000005 0.0000005 | 0.000001
Dairy Intake/Fruit Intake 0.000006 | 0.000005 0.0003 9.3E-09 | 0.0001 1.2E-09 0.0000001 0.00007 0.000005 0.0000006 | 0.000001
Dairy Intake/Waste Concentration 0.00001 | 0.00001 0.0006 7.7E-08 | 0.0005 8.3E-10 0.00000008 | 0.00008 0.00002 0.0000006 | 0.00006
Dairy Intake/Adult Soil Intake 0.000004 | 0.000005 0.0003 8.6E-09 | 0.00006 5.8E-10 0.00000003 | 0.00002 0.000005 0.0000005 | 0.000001
Dairy Intake/ Meteorological Location 0.000005 | 0.000004 0.0003 9.1E-09 | 0.00007 5.3E-10 0.00000003 | 0.00003 0.000005 0.0000005 | 0.0000009
Dairy Intake/Distance to Receptor 0.00001 | 0.00004 0.001 4.0E-08 | 0.00008 1.3E-09 0.0000002 0.00003 0.00003 0.000002 | 0.000009
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Table H1-4a Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Dairy Intake/ WMU Area 0.00001 0.00002 0.001 3.5E-08 0.0002 1.9E-09 0.0000001 0.00008 0.00002 0.000002 0.000005
Exposed Veg. Intake/ Root Veg. Intake 0.000003 | 0.000001 0.0001 3.2E-09 | 0.00009 8.5E-10 0.00000004 0.00006 0.000002 0.0000003 | 0.0000004
Exposed Veg. Intake/ Fruit Intake 0.000004 | 0.000001 0.0002 3.7E-09 0.0001 1.5E-09 0.0000001 0.00009 0.000003 0.0000003 | 0.0000005
Exposed Veg. Intake/Waste Concentration 0.000006 | 0.000003 0.0004 2.6E-08 0.0008 1.4E-09 0.0000001 0.0002 0.00001 0.0000003 0.00002
Exposed Veg. Intake/Adult Soil Intake 0.000002 | 0.000001 0.0001 3.0E-09 | 0.00007 8.5E-10 0.00000004 0.00004 0.000002 0.0000003 | 0.0000004
Exposed Veg. Intake/Meteorological Location 0.000003 | 0.000001 0.0002 3.2E-09 | 0.00009 8.7E-10 0.00000004 0.00005 0.000002 0.0000003 | 0.0000004
Exposed Veg. Intake/Distance to Receptor 0.000005 | 0.00001 0.0007 1.3E-08 0.0001 2.1E-09 0.0000004 0.00007 0.00001 0.000001 0.000004
Exposed Veg. Intake/WMU Area 0.00001 | 0.000005 0.0006 1.2E-08 0.0003 3.1E-09 0.0000002 0.0002 0.000008 0.000001 0.000001
Root Veg. Intake/Fruit Intake 0.000004 | 0.000001 0.0002 3.6E-09 0.0001 1.3E-09 0.0000001 0.00009 0.000003 0.0000003 | 0.0000005
Root Veg. Intake/Waste Concentration 0.000005 | 0.000003 0.0003 2.5E-08 0.0006 1.1E-09 0.00000008 0.0001 0.00001 0.0000002 0.00002
Root Veg. Intake/Adult Soil Intake 0.000002 | 0.000001 0.0001 2.9E-09 | 0.00006 7.0E-10 0.00000003 0.00004 0.000002 0.0000002 | 0.0000004
Root Veg. Intake/Meteorological Location 0.000003 | 0.000001 0.0002 3.1E-09 | 0.00007 6.9E-10 0.00000003 0.00005 0.000002 0.0000002 | 0.0000004
Root Veg. Intake/Distance to Receptor 0.000005 | 0.00001 0.0007 1.2E-08 | 0.00007 1.5E-09 0.0000002 0.00005 0.00001 0.0000009 | 0.000003
Root Veg. Intake/WMU Area 0.00001 | 0.000005 0.0006 1.2E-08 0.0002 2.5E-09 0.0000001 0.0001 0.000008 0.0000009 | 0.000001
Fruit Intake/Waste Concentration 0.000008 | 0.000003 0.0004 3.0E-08 0.001 2.2E-09 0.0000003 0.0002 0.00001 0.0000004 0.00003
Fruit Intake/Adult Soil Intake 0.000004 | 0.000001 0.0002 3.4E-09 0.0001 1.3E-09 0.0000001 0.00007 0.000003 0.0000003 | 0.0000004

Fruit Intake/Meteorological Location 0.000004 | 0.000001 0.0002 3.7E-09 0.0001 1.4E-09 0.00000009 0.00008 0.000002 0.0000004 | 0.0000004
Fruit Intake/Distance to Receptor 0.000007 | 0.00001 0.0008 1.4E-08 0.0001 4.2E-09 0.0000009 0.0001 0.00002 0.000001 0.000004
Fruit Intake/WMU Area 0.00001 | 0.000006 0.0006 1.4E-08 0.0005 5.1E-09 0.0000004 0.0003 0.00001 0.000001 0.000002
Waste Concentration/Adult Soil Intake 0.000005 | 0.000003 0.0004 2.4E-08 0.0004 1.1E-09 0.00000008 0.00008 0.000009 0.0000002 0.00002
Waste Concentration/Meteorological Location 0.000006 | 0.000003 0.0003 2.5E-08 0.0005 9.9E-10 0.00000007 0.0001 0.000008 0.0000003 0.00001
Waste Concentration/Distance to Receptor 0.00001 0.00002 0.001 1.1E-07 0.0006 2.5E-09 0.0000006 0.0001 0.00006 0.000001 0.0001
Waste Concentration/WMU Area 0.00002 0.00001 0.001 9.8E-08 0.002 3.6E-09 0.0000003 0.0004 0.00003 0.000001 0.00007
Adult Soil Intake/Meteorological Location 0.000002 | 0.000001 0.0002 2.9E-09 | 0.00005 7.0E-10 0.00000003 0.00003 0.000002 0.0000002 | 0.0000004
Adult Soil Intake/Distance to Receptor 0.000004 | 0.00001 0.0007 1.2E-08 | 0.00006 1.5E-09 0.0000002 0.00003 0.00001 0.000001 0.000003
Adult Soil Intake/WMU Area 0.000008 | 0.000005 0.0006 1.1E-08 0.0002 2.5E-09 0.0000001 0.00008 0.000007 0.0000009 | 0.000001
Meteorological Location/Distance to Receptor 0.000006 | 0.000008 0.0006 1.1E-08 | 0.00009 1.5E-09 0.0000001 0.00005 0.000009 0.000001 0.000002
Meteorological Location/WMU Area 0.00001 | 0.000005 0.0006 1.2E-08 0.0002 2.3E-09 0.00000008 0.0001 0.000007 0.000001 0.000001
Distance to Receptor/WMU Area 0.000009 | 0.00003 0.001 2.7E-08 | 0.00009 2.7E-09 0.0000006 0.00005 0.00003 0.000002 0.000007
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Table H1-4b Child of Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

[lParameters Set to High-end Nickel Silver Thallium Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Central Tendency 0.0001 | 0.0000024 0.0094 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Single High-end Parameter

Long Exposure 0.0001 | 0.0000024 0.0094 3.7E-08 0.001 1.0E-07 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Beef intake 0.0001 | 0.0000024 0.0097 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000034
Dairy Intake 0.0001 | 0.0000044 0.0094 3.3E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000039
Exposed Veg. Intake 0.0001 | 0.0000024 0.0094 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00033 0.0001 0.00001 | 0.0000034
Root Veg. Intake 0.0001 | 0.0000024 0.0094 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Fruit Intake 0.0001 | 0.0000024 0.0094 3.0E-08 0.0011 8.8E-08 | 0.0000021 | 0.00035 0.0001 0.00001 | 0.0000035
Waste Concentration 0.00031 | 0.0000048 0.021 2.7E-07 0.01 1.6E-07 | 0.000007 0.001 0.00051 0.00001 0.00012
Adult Soil Intake 0.0001 | 0.0000024 0.0094 3.1E-08 0.001 9.0E-08 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Child Soil Intake 0.0003 | 0.000003 0.02 7.4E-08 0.004 2.3E-07 | 0.000006 | 0.00091 0.0003 0.00003 | 0.0000074
Meteorological Location 0.0001 | 0.0000015 0.01 3.7E-08 0.002 1.1E-07 | 0.000003 | 0.00041 0.0001 0.00001 | 0.0000033
Distance to Receptor 0.00021 | 0.000011 0.021 6.6E-08 0.002 1.7E-07 | 0.0000051 | 0.00061 0.00022 0.000022 | 0.0000092
WMU Area 0.00041 | 0.0000073 0.041 1.3E-07 0.0061 3.9E-07 0.00001 0.002 0.00041 0.000052 | 0.000011
Double High-end Parameters

Beef Intake/ Long Exposure 0.0001 | 0.0000024 0.0097 3.8E-08 0.001 1.0E-07 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000034
Dairy Intake/Long Exposure 0.0001 | 0.0000044 0.0094 4.4E-08 0.001 1.0E-07 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000039
Exposed Veg. Intake/ Long Exposure 0.0001 | 0.0000024 0.0094 3.8E-08 0.001 1.0E-07 | 0.000002 | 0.00033 0.0001 0.00001 | 0.0000034
Root Veg. Intake/Long Exposure 0.0001 | 0.0000024 0.0094 3.7E-08 0.001 1.0E-07 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Fruit Intake/ Long Exposure 0.0001 | 0.0000024 0.0094 3.9E-08 0.0011 1.0E-07 | 0.0000021 | 0.00035 0.0001 0.00001 | 0.0000035
Waste Concentration/Long Exposure 0.00031 | 0.0000048 0.021 3.3E-07 0.01 1.9e-07 | 0.000007 0.001 0.00051 0.00001 0.00012
Adult Soil Intake/Long Exposure 0.0001 | 0.0000024 0.0094 4.3E-08 0.001 1.2E-07 | 0.000002 | 0.00031 0.0001 0.00001 | 0.0000034
Child Soil Intake/Long Exposure 0.0003 | 0.000003 0.02 8.1E-08 0.004 2.4E-07 | 0.000006 | 0.00091 0.0003 0.00003 | 0.0000074
Meteorological Location/Long Exposure 0.0001 | 0.0000015 0.01 4.5E-08 0.002 1.2E-07 | 0.000003 | 0.00041 0.0001 0.00001 | 0.0000033
Distance to Receptor/Long Exposure 0.00021 | 0.000011 0.021 8.9E-08 0.002 2.0E-07 | 0.0000051 | 0.00061 0.00022 0.000022 | 0.0000092
WMU Area/Long Exposure

Beef Intake/ Dairy Intake 0.0001 | 0.0000044 0.0097 3.3E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.00011 0.000011 | 0.0000039
Beef Intake/ Exposed Veg. Intake 0.0001 | 0.0000024 0.0097 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00033 0.0001 0.000011 | 0.0000035
Beef Intake/Root Vegetable Intake 0.0001 | 0.0000024 0.0097 3.0E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000034
Beef Intake/Fruit Intake 0.0001 | 0.0000025 0.0097 3.1E-08 0.0011 8.8E-08 | 0.0000021 | 0.00035 0.0001 0.000011 | 0.0000035
Beef Intake/Waste Concentration 0.00031 | 0.000005 0.021 2.7E-07 0.01 1.6E-07 | 0.000007 0.001 0.00052 0.000011 | 0.00012
Beef Intake/Adult Soil Intake 0.0001 | 0.0000024 0.0097 3.1E-08 0.001 9.0E-08 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000034
Beef Intake/Child Soil Intake 0.0003 | 0.000003 0.021 7.4E-08 0.004 2.3E-07 | 0.000006 | 0.00091 0.0003 0.000031 | 0.0000074
Beef Intake/Meteorological Location 0.0001 | 0.0000015 0.011 3.7E-08 0.002 1.1E-07 | 0.000003 | 0.00041 0.0001 0.000011 | 0.0000033
Beef Intake/Distance to Receptor 0.00021 | 0.000012 0.023 6.7E-08 0.002 1.7E-07 | 0.0000051 | 0.00061 0.00022 0.000024 | 0.0000093
Beef Intake/WMU Area 0.00042 | 0.0000075 0.043 1.3E-07 0.0061 3.9E-07 0.00001 0.002 0.00041 0.000053 | 0.000011
Dairy Intake/Exposed Vegetable Intake 0.0001 | 0.0000044 0.0094 3.3E-08 0.0011 8.8E-08 | 0.000002 | 0.00033 0.0001 0.000011 | 0.0000039
Dairy Intake/Root Vegetable Intake 0.0001 | 0.0000044 0.0094 3.3E-08 0.001 8.8E-08 | 0.000002 | 0.00031 0.0001 0.000011 | 0.0000039
Dairy Intake/Fruit Intake 0.0001 | 0.0000044 0.0094 3.3E-08 0.0011 8.8E-08 | 0.0000021 | 0.00035 0.0001 0.000011 | 0.000004
Dairy Intake/Waste Concentration 0.00031 | 0.0000098 0.021 2.9E-07 0.01 1.6E-07 | 0.000007 0.001 0.00052 0.000011 | 0.00014
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Table H1-4b Child of Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Dairy Intake/ Adult Soil Intake 0.0001 | 0.0000044 0.0094 3.3E-08 0.001 9.0E-08 0.000002 0.00031 0.0001 0.000011 | 0.0000039
Dairy Intake/ Child Soil Intake 0.0003 0.000005 0.02 7.6E-08 0.004 2.3E-07 0.000006 0.00091 0.0003 0.000031 | 0.0000079
Dairy Intake/ Meteorological Location 0.0001 | 0.0000035 0.01 3.9E-08 0.002 1.1E-07 0.000003 0.00041 0.0001 0.000011 | 0.0000037
Dairy Intake/Distance to Receptor 0.00021 | 0.000031 0.022 7.8E-08 0.002 1.7E-07 | 0.0000051 | 0.00061 0.00023 0.000022 | 0.000013
Dairy Intake/WMU Area 0.00042 | 0.000011 0.042 1.4E-07 0.0061 3.9E-07 0.00001 0.002 0.00041 0.000052 | 0.000013
Exposed Veg. Intake/ Root Veg. Intake 0.0001 | 0.0000024 0.0094 3.0E-08 0.001 8.8E-08 0.000002 0.00033 0.0001 0.00001 | 0.0000034
Exposed Veg. Intake/ Fruit Intake 0.0001 | 0.0000025 0.0094 3.1E-08 0.0011 8.9E-08 | 0.0000021 | 0.00037 0.0001 0.00001 | 0.0000035
Exposed Veg. Intake/Waste Concentration 0.00031 | 0.0000049 0.021 2.7E-07 0.01 1.6E-07 | 0.0000071 0.0011 0.00051 0.00001 0.00012
Exposed Veg. Intake/Adult Soil Intake 0.0001 | 0.0000024 0.0094 3.1E-08 0.001 9.0E-08 0.000002 0.00033 0.0001 0.00001 | 0.0000034
Exposed Veg. Intake/Child Soil Intake 0.0003 0.000003 0.02 7.4E-08 0.004 2.3E-07 0.000006 0.00093 0.0003 0.00003 | 0.0000074
Exposed Veg. Intake/Meteorological Location 0.0001 | 0.0000015 0.01 3.7E-08 0.002 1.1E-07 0.000003 0.00043 0.0001 0.00001 | 0.0000033
Exposed Veg. Intake/Distance to Receptor 0.00021 | 0.000011 0.021 6.6E-08 0.0021 1.7E-07 | 0.0000052 | 0.00063 0.00022 0.000022 | 0.0000093
Exposed Veg. Intake/WMU Area 0.00041 | 0.0000074 0.041 1.3E-07 0.0062 3.9E-07 0.00001 0.0021 0.00041 0.000052 | 0.000011
Root Veg. Intake/Fruit Intake 0.0001 | 0.0000024 0.0094 3.0E-08 0.0011 8.8E-08 | 0.0000021 | 0.00036 0.0001 0.00001 | 0.0000035
Root Veg. Intake/Waste Concentration 0.00031 | 0.0000048 0.021 2.7E-07 0.01 1.6E-07 0.000007 0.001 0.00051 0.00001 0.00012
Root Veg. Intake/Adult Soil Intake 0.0001 | 0.0000024 0.0094 3.1E-08 0.001 9.0E-08 0.000002 0.00031 0.0001 0.00001 | 0.0000034
Root Veg. Intake/Child Soil Intake 0.0003 0.000003 0.02 7.4E-08 0.004 2.3E-07 0.000006 0.00091 0.0003 0.00003 | 0.0000074
Root Veg. Intake/Meteorological Location 0.0001 | 0.0000015 0.01 3.7E-08 0.002 1.1E-07 0.000003 0.00041 0.0001 0.00001 | 0.0000033
Root Veg. Intake/Distance to Receptor 0.00021 | 0.000011 0.021 6.6E-08 0.002 1.7E-07 | 0.0000051 | 0.00062 0.00022 0.000022 | 0.0000092
Root Veg. Intake/WMU Area 0.00041 | 0.0000073 0.041 1.3E-07 0.0061 3.9E-07 0.00001 0.002 0.00041 0.000052 | 0.000011
Fruit Intake/Waste Concentration 0.00031 | 0.0000051 0.021 2.7E-07 0.011 1.6E-07 | 0.0000073 0.0012 0.00052 0.000011 0.00013
Fruit Intake/Adult Soil Intake 0.0001 | 0.0000024 0.0094 3.1E-08 0.0011 9.0E-08 | 0.0000021 | 0.00035 0.0001 0.00001 | 0.0000035
Fruit Intake/Child Soil Intake 0.0003 0.000003 0.02 7.4E-08 0.0041 2.3E-07 | 0.0000061 | 0.00095 0.0003 0.00003 | 0.0000075
Fruit Intake/Meteorological Location 0.0001 | 0.0000015 0.01 3.7E-08 0.0021 1.1E-07 | 0.0000031 | 0.00047 0.0001 0.00001 | 0.0000034
Fruit Intake/Distance to Receptor 0.00021 | 0.000012 0.022 6.8E-08 0.0021 1.7E-07 | 0.0000058 | 0.00068 0.00022 0.000022 | 0.0000098
Fruit Intake/WMU Area 0.00041 | 0.0000077 0.041 1.3E-07 0.0065 3.9E-07 0.00001 0.0022 0.00041 0.000052 | 0.000011
Waste Concentration/ Adult Soil Intake 0.00031 | 0.0000048 0.021 2.7E-07 0.01 1.7E-07 0.000007 0.001 0.00051 0.00001 0.00012
Waste Concentration/ Child Soil Intake 0.00071 | 0.0000061 0.051 6.6E-07 0.04 4.2E-07 0.00002 0.004 0.001 0.00003 0.00032
Waste Concentration/Meteorological Location 0.00031 | 0.000004 0.021 3.3E-07 0.02 2.0E-07 0.000008 0.002 0.00061 0.00002 0.00021
Waste Concentration/Distance to Receptor 0.00052 0.000033 0.043 5.9E-07 0.03 3.2E-07 0.00001 0.0031 0.0011 0.000032 0.00041
Waste Concentration/WMU Area 0.001 0.000013 0.083 1.2E-06 0.071 7.2E-07 0.00003 0.0062 0.002 0.000062 0.00067
Adult Soil Intake/Child Soil Intake 0.0003 0.000003 0.02 7.4E-08 0.004 2.3E-07 0.000006 0.00091 0.0003 0.00003 | 0.0000074
Adult Soil Intake/Meteorological Location 0.0001 | 0.0000015 0.01 3.7E-08 0.002 1.1E-07 0.000003 0.00041 0.0001 0.00001 | 0.0000033
Adult Soil Intake/Distance to Receptor 0.00021 | 0.000011 0.021 6.7E-08 0.002 1.8E-07 | 0.0000051 | 0.00061 0.00022 0.000022 | 0.0000092
Adult Soil Intake/WMU Area 0.00041 | 0.0000073 0.041 1.3E-07 0.0061 3.9E-07 0.00001 0.002 0.00041 0.000052 | 0.000011
Child Soil Intake/ Meteorological Location 0.0003 | 0.0000021 0.03 9.1E-08 0.004 2.8E-07 0.000007 0.001 0.0003 0.00003 | 0.0000093
Child Soil Intake/Distance to Receptor 0.00051 | 0.000012 0.041 1.5E-07 0.006 4.4E-07 0.00001 0.002 0.00052 0.000062 | 0.000013
Child Soil Intake/WMU Area 0.001 0.00001 0.1 3.2E-07 0.02 9.9E-07 0.00003 0.004 0.001 0.0001 0.000031
Meteorological Location/Distance to Receptor 0.00021 0.00001 0.021 7.9E-08 0.0031 2.1E-07 | 0.0000061 | 0.00073 0.00021 0.000032 | 0.0000092
Meteorological Location/WMU Area 0.00051 | 0.0000072 0.051 1.6E-07 0.0071 4.7E-07 0.00001 0.0021 0.00051 0.000062 | 0.000021
Distance to Receptor/WMU Area 0.00021 | 0.000032 0.024 7.9E-08 0.0021 1.7E-07 | 0.0000053 | 0.00062 0.00023 0.000023 | 0.000013
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Table H1-4c Adult Resident Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium

Central Tendency 0.000002 | 0.000000008 0.0002 3.5E-10 | 0.00003 1.1E-09 0.00000005 | 0.000008 0.000002 0.0000003 | 0.00000006

Single High-end Parameter
Long Exposure 0.000002 | 0.000000008 0.0002 3.2E-09 | 0.00003 1.0E-08 0.00000005 | 0.000008 0.000002 0.0000003 | 0.00000006
Constituent Conc. 0.000006 | 0.00000002 0.0004 3.1E-09 0.0003 2.1E-09 0.0000002 0.00003 0.00001 0.0000003 0.000003
Adult Soil Intake 0.000005 | 0.00000002 0.0004 7.7E-10 | 0.00007 2.4E-09 0.0000001 0.00002 0.000005 0.0000006 | 0.0000001
Meteorological Location 0.000003 | 0.00000001 0.0002 4.3E-10 | 0.00004 1.3E-09 0.00000007 0.00001 0.000003 0.0000003 | 0.00000008
Distance To Receptor 0.000005 | 0.00000002 0.0004 7.1E-10 | 0.00005 2.2E-09 0.0000001 0.00001 0.000005 0.0000005 | 0.0000001
WMU Area 0.00001 0.00000003 0.0009 1.5E-09 0.0001 4.9E-09 0.0000002 0.00004 0.00001 0.000001 0.0000003

Double High-end Parameters
Constituent Conc./Long Exposure 0.000006 | 0.00000002 0.0004 2.8E-08 0.0003 1.9E-08 0.0000002 0.00003 0.00001 0.0000003 0.000003
Adult Soil Intake/Long Exposure 0.000005 | 0.00000002 0.0004 7.0E-09 | 0.00007 2.2E-08 0.0000001 0.00002 0.000005 0.0000006 | 0.0000001
Meteorological Location/Long Exposure 0.000003 | 0.00000001 0.0002 4.0E-09 | 0.00004 1.2E-08 0.00000007 0.00001 0.000003 0.0000003 | 0.00000008
Distance to Receptor/Long Exposure 0.000005 | 0.00000002 0.0004 6.4E-09 | 0.00005 2.0E-08 0.0000001 0.00001 0.000005 0.0000005 | 0.0000001
WMU Area/Long Exposure 0.00001 0.00000003 0.0009 1.4E-08 0.0001 4.4E-08 0.0000002 0.00004 0.00001 0.000001 0.0000003
Waste Concentration/ Adult Soil Intake 0.00001 0.00000004 0.0009 6.9E-09 0.0008 4.5E-09 0.0000003 0.00007 0.00002 0.0000007 0.000007
Waste Concentration/ Meteorological Location 0.000007 | 0.00000002 0.0005 3.9E-09 0.0004 2.5E-09 0.0000002 0.00004 0.00001 0.0000004 0.000004
Waste Concentration/ Distance to Receptor 0.00001 0.00000004 0.0008 6.3E-09 0.0006 4.0E-09 0.0000003 0.00006 0.00002 0.0000006 0.000006
Waste Concentration/ WMU Area 0.00003 0.00000008 0.002 1.4E-08 0.002 9.0E-09 0.0000007 0.0001 0.00005 0.000001 0.00001
Adult Soil Intake/ Meteorological Location 0.000006 | 0.00000002 0.0005 9.6E-10 | 0.00008 3.0E-09 0.0000001 0.00002 0.000006 0.0000007 | 0.0000002
Adult Soil Intake/ Distance to Receptor 0.00001 0.00000004 0.0009 1.6E-09 0.0001 4.7E-09 0.0000002 0.00003 0.00001 0.000001 0.0000003
Adult Soil Intake/ WMU Area 0.00002 0.00000008 0.002 3.4E-09 0.0003 1.1E-08 0.0000005 0.00008 0.00002 0.000002 0.0000006
Meteorological Location/Distance to Receptor 0.000005 | 0.00000002 0.0005 8.8E-10 | 0.00006 2.6E-09 0.0000001 0.00002 0.000006 0.0000006 | 0.0000002
Meteorological Location/WMU Area 0.00001 0.00000004 0.001 1.9E-09 0.0002 5.9E-09 0.0000003 0.00004 0.00001 0.000001 0.0000004
Distance to Receptor/WMU Area 0.000005 | 0.00000002 0.0004 7.2E-10 | 0.00005 2.2E-09 0.0000001 0.00002 0.000005 0.0000005 | 0.0000001
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Table H1-4d Home Gardener Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium

Central Tendency 0.000002 | 0.00000002 0.0002 3.8E-10 | 0.00004 1.1E-09 0.00000006 0.00001 0.000002 0.0000003 | 0.00000007

Single High-end Parameter
Long Exposure 0.000002 | 0.00000002 0.0002 3.4E-09 | 0.00004 1.0E-08 0.00000006 0.00001 0.000002 0.0000003 | 0.00000007
Exposed Veg. Intake 0.000002 | 0.00000004 0.0002 4.2E-10 | 0.00006 1.2E-09 0.00000007 0.00002 0.000002 0.0000003 | 0.00000008
Root Veg.Intake 0.000002 | 0.00000002 0.0002 3.8E-10 | 0.00004 1.1E-09 0.00000006 0.00001 0.000002 0.0000003 | 0.00000007
Fruit Intake 0.000003 | 0.00000005 0.0002 4.5E-10 | 0.00006 1.2E-09 0.00000008 0.00003 0.000002 0.0000003 | 0.00000009
Constituent Conc. 0.000006 | 0.00000005 0.0004 3.4E-09 0.0004 2.1E-09 0.0000002 0.00005 0.00001 0.0000003 0.000003
Adult Soil Intake 0.000005 | 0.00000003 0.0004 8.0E-10 | 0.00008 2.5E-09 0.0000001 0.00003 0.000005 0.0000006 | 0.0000001
Meteorological Location 0.000003 | 0.00000002 0.0002 4.7E-10 | 0.00005 1.4E-09 0.00000008 0.00002 0.000003 0.0000003 | 0.00000009
Distance To Receptor 0.000005 | 0.00000007 0.0004 7.8E-10 | 0.00006 2.2E-09 0.0000002 0.00002 0.000005 0.0000005 | 0.0000002
WMU Area 0.00001 | 0.00000007 0.0009 1.6E-09 0.0001 5.0E-09 0.0000002 0.00006 0.00001 0.000001 0.0000003

Double High-end Parameters
Exposed Veg. Intake/Long Exposure 0.000002 | 0.00000004 0.0002 3.8E-09 | 0.00006 1.1E-08 0.00000007 0.00002 0.000002 0.0000003 | 0.00000008
Root Veg. Intake/Long Exposure 0.000002 | 0.00000002 0.0002 3.5E-09 | 0.00004 1.0E-08 0.00000006 0.00001 0.000002 0.0000003 | 0.00000007
Fruit Intake/Long Exposure 0.000003 | 0.00000005 0.0002 4.1E-09 | 0.00006 1.1E-08 0.00000008 0.00003 0.000002 0.0000003 | 0.00000009
Constituent Conc./Long Exposure 0.000006 | 0.00000005 0.0004 3.0E-08 0.0004 1.9E-08 0.0000002 0.00005 0.00001 0.0000003 0.000003
Adult Soil Intake/Long Exposure 0.000005 | 0.00000003 0.0004 7.2E-09 | 0.00008 2.2E-08 0.0000001 0.00003 0.000005 0.0000006 | 0.0000001
Meteorological Location/Long Exposure 0.000003 | 0.00000002 0.0002 4.2E-09 | 0.00005 1.3E-08 0.00000008 0.00002 0.000003 0.0000003 | 0.00000009
Distance to Receptor/Long Exposure 0.000005 | 0.00000007 0.0004 7.1E-09 | 0.00006 2.0E-08 0.0000002 0.00002 0.000005 0.0000005 | 0.0000002
WMU Area/Long Exposure 0.00001 | 0.00000007 0.0009 1.5E-08 0.0001 4.5E-08 0.0000002 0.00006 0.00001 0.000001 0.0000003
Exposed Veg. Intake/Root Veg. Intake 0.000002 | 0.00000004 0.0002 4.3E-10 | 0.00006 1.2E-09 0.00000007 0.00002 0.000002 0.0000003 | 0.00000008
Exposed Veg. Intake/ Fruit Intake 0.000003 | 0.00000007 0.0002 4.9E-10 | 0.00008 1.2E-09 0.00000009 0.00004 0.000002 0.0000004 | 0.0000001
Exposed Veg. Intake/Waste Concentration 0.000007 | 0.00000008 0.0004 3.8E-09 0.0006 2.2E-09 0.0000003 0.00009 0.00001 0.0000003 0.000004
Exposed Veg. Intake/Adult Soil Intake 0.000005 | 0.00000005 0.0004 8.4E-10 0.0001 2.5E-09 0.0000001 0.00003 0.000005 0.0000006 | 0.0000001
Exposed Veg. Intake/Meteorological Location 0.000004 | 0.00000004 0.0002 5.2E-10 | 0.00007 1.4E-09 0.00000008 0.00002 0.000003 0.0000003 | 0.0000001
Exposed Veg. Intake/ Distance to Receptor
Exposed Veg. Intake/WMU Area 0.00001 0.0000001 0.0009 1.8E-09 0.0002 5.1E-09 0.0000003 0.0001 0.00001 0.000001 0.0000004
Root Veg. Intake/Fruit Intake 0.000003 | 0.00000005 0.0002 4.5E-10 | 0.00006 1.2E-09 0.00000008 0.00003 0.000002 0.0000003 | 0.0000001
Root Veg. Intake/Waste Concentration 0.000006 | 0.00000005 0.0004 3.4E-09 0.0004 2.1E-09 0.0000002 0.00005 0.00001 0.0000003 0.000003
Root Veg. Intake/Adult Soil Intake 0.000005 | 0.00000003 0.0004 8.0E-10 | 0.00008 2.5E-09 0.0000001 0.00003 0.000005 0.0000006 | 0.0000001
Root Veg. Intake/ Meteorological Location 0.000003 | 0.00000002 0.0002 4.7E-10 | 0.00005 1.4E-09 0.00000008 0.00002 0.000003 0.0000003 | 0.00000009
Root Veg. Intake/ Distance to Receptor 0.000005 | 0.00000007 0.0004 7.9E-10 | 0.00006 2.2E-09 0.0000002 0.00002 0.000005 0.0000005 | 0.0000002
Root Intake/WMU Area 0.00001 | 0.00000008 0.0009 1.7E-09 0.0001 5.0E-09 0.0000002 0.00006 0.00001 0.000001 0.0000003
Fruit Intake/Waste Concentration 0.000007 | 0.0000001 0.0004 4.0E-09 0.0006 2.2E-09 0.0000003 0.0001 0.00001 0.0000004 0.000004
Fruit Intake/Adult Soil Intake 0.000006 | 0.00000006 0.0004 8.7E-10 0.0001 2.5E-09 0.0000001 0.00004 0.000005 0.0000006 | 0.0000001
Fruit Intake/ Meteorological Location 0.000004 | 0.00000005 0.0002 5.5E-10 | 0.00007 1.5E-09 0.00000009 0.00003 0.000003 0.0000003 | 0.0000001
Fruit Intake/ Distance to Receptor 0.000006 | 0.0000002 0.0005 1.0E-09 0.0001 2.5E-09 0.0000003 0.00004 0.000007 0.0000006 | 0.0000003
Fruit Intake/ WMU Area 0.00001 0.0000002 0.0009 2.0E-09 0.0002 5.3E-09 0.0000003 0.0001 0.00001 0.000001 0.0000004
Waste Concentration/ Adult Soil Intake 0.00001 | 0.00000007 0.0009 7.1E-09 0.0009 4.6E-09 0.0000003 0.00009 0.00002 0.0000007 0.000007
Waste Concentration/ Meteorological Location 0.000008 | 0.00000005 0.0005 4.1E-09 0.0005 2.6E-09 0.0000002 0.00006 0.00001 0.0000004 0.000004
Waste Concentration/ Distance to Receptor 0.00001 0.0000002 0.0008 7.0E-09 0.0007 4.2E-09 0.0000004 0.00009 0.00002 0.0000006 0.000009
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Table H1-4d Home Gardener Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Waste Concentration/ WMU Area 0.00003 0.0000002 0.002 1.5E-08 0.002 9.2E-09 0.0000008 0.0002 0.00005 0.000001 0.00001
Adult Soil Intake/ Meteorological Location 0.000006 | 0.00000003 0.0005 9.9E-10 | 0.00009 3.0E-09 0.0000001 0.00003 0.000006 0.0000007 | 0.0000002
Adult Soil Intake/ Distance to Receptor 0.00001 | 0.00000009 0.0009 1.6E-09 0.0001 4.8E-09 0.0000003 0.00004 0.00001 0.000001 0.0000004
Adult Soil Intake/ WMU Area 0.00002 0.0000001 0.002 3.5E-09 0.0003 1.1E-08 0.0000005 0.0001 0.00002 0.000002 0.0000006
Meteorological Location/Distance to Receptor 0.000005 | 0.00000006 0.0005 9.7E-10 | 0.00008 2.7E-09 0.0000001 0.00003 0.000006 0.0000006 | 0.0000002
Meteorological Location/WMU Area 0.00001 | 0.00000008 0.001 2.0E-09 0.0003 6.0E-09 0.0000003 0.00007 0.00001 0.000001 0.0000004
Distance to Receptor/WMU Area 0.000006 | 0.0000001 0.0004 8.7E-10 | 0.00007 2.4E-09 0.0000002 0.00003 0.000006 0.0000006 | 0.0000002
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Table H1-4e Fisher Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium

Central Tendency 0.00000005 0.000002 | 0.000007 | 4.4E-11 | 0.00000008 3.4E-11 0.0000004 | 0.0000001 0.0000007 0.00000001 | 0.0000004

Single High-end Parameter
Long Exposure 0.00000005 0.000002 | 0.000007 | 4.0E-10 | 0.00000008 3.1E-10 0.0000004 | 0.0000001 0.0000007 0.00000001 | 0.0000004
Fish Intake 0.00000005 0.000002 0.00002 | 4.9E-11 | 0.00000008 5.3E-11 0.0000004 | 0.0000006 0.0000007 0.00000001 0.000001
Waste Concentration 0.0000001 0.000004 0.00001 3.9E-10 | 0.0000008 6.4E-11 0.000001 0.0000006 0.000003 0.00000002 0.00002
Meteorological Location 0.000000008 | 0.00000009 | 0.000001 | 4.2E-12 | 0.00000003 5.1E-12 0.00000002 | 0.00000004 0.00000005 0.000000002 | 0.00000002
Distance to Receptor 0.00000007 0.000002 0.00001 5.3E-11 | 0.0000001 4.8E-11 0.0000005 | 0.0000002 0.0000007 0.00000002 | 0.0000004
WMU Area 0.0000002 0.000008 0.00003 2.0E-10 | 0.0000003 1.5E-10 0.000002 0.0000006 0.000003 0.00000006 0.000002

Double High-end Parameters
Fish Intake/Long Exposure 0.00000005 0.000002 0.00002 | 4.4E-10 | 0.00000008 4.8E-10 0.0000004 | 0.0000006 0.0000007 0.00000001 0.000001
Waste Concentration/Long Exposure 0.0000001 0.000004 0.00001 3.5E-09 | 0.0000008 5.8E-10 0.000001 0.0000006 0.000003 0.00000002 0.00002
Meteorological Location/Long Exposure 0.000000008 | 0.00000009 | 0.000001 | 3.8E-11 | 0.00000003 4.6E-11 0.00000002 | 0.00000004 0.00000005 0.000000002 | 0.00000002
Distance to Receptor/Long Exposure 0.00000007 0.000002 0.00001 | 4.8E-10 | 0.0000001 4.4E-10 0.0000005 | 0.0000002 0.0000007 0.00000002 | 0.0000004
WMU Area/Long Exposure 0.0000002 0.000008 0.00003 1.8E-09 | 0.0000003 1.4E-09 0.000002 0.0000006 0.000003 0.00000006 0.000002
Fish Intake/Waste Concentration 0.0000001 0.000004 0.00004 | 4.3E-10 | 0.0000008 9.8E-11 0.000001 0.000002 0.000003 0.00000002 0.00005
Fish Intake/Meteorological Location 0.000000008 | 0.00000009 | 0.000003 | 4.6E-12 | 0.00000003 7.9E-12 0.00000002 | 0.0000001 0.00000005 0.000000002 | 0.00000006
Fish Intake/Distance to Receptor 0.00000007 0.000002 0.00003 5.9E-11 | 0.0000001 7.4E-11 0.0000005 | 0.0000009 0.0000007 0.00000002 0.000001
Fish Intake/WMU Area 0.0000002 0.000008 0.00008 2.2E-10 | 0.0000003 2.3E-10 0.000002 0.000002 0.000003 0.00000006 0.000005
Waste Concentration/Meteorological Location 0.00000002 | 0.0000002 | 0.000003 | 3.7E-11 | 0.0000003 9.5E-12 0.00000007 | 0.0000001 0.0000002 0.000000002 | 0.000001
Waste Concentration/Distance to Receptor 0.0000002 0.000004 0.00003 | 4.7E-10 0.000001 8.9E-11 0.000001 0.0000009 0.000004 0.00000002 0.00002
Waste Concentration/WMU Area 0.0000006 0.00002 0.00007 1.7E-09 0.000004 2.8E-10 0.000006 0.000002 0.00001 0.00000008 0.00009
Meteorological Location/Distance to Receptor 0.00000003 | 0.00000009 | 0.000003 | 1.1E-11 | 0.00000009 1.5E-11 0.00000003 | 0.0000001 0.0000001 0.000000005 | 0.00000003
Meteorological Location/WMU Area 0.00000004 | 0.0000004 | 0.000004 | 1.8E-11 | 0.0000001 2.2E-11 0.0000001 | 0.0000001 0.0000002 0.000000007 | 0.0000001
Distance to Receptor/WMU Area 0.0000001 0.000002 0.00001 6.9E-11 | 0.0000002 7.2E-11 0.0000005 | 0.0000004 0.0000009 0.00000003 | 0.0000005
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Table H1-5a Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

[lParameters Set to High-end Nickel Silver | Thallium | Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI Cobalt | Selenium
Central Tendency 0.000004 | 0.000003 | 0.0003 | 5.9E-09 | 0.00009 | 1.0E-09 | 0.00000005 | 0.00005 0.000003 0.0000004 | 0.0000007
Single High-end Parameter

Long Exposure 0.000004 | 0.000003 | 0.0003 | 2.4E-08 | 0.00009 | 4.2E-09 | 0.00000005| 0.00005 0.000003 0.0000004 | 0.0000007
Beef intake 0.00001 | 0.000003 | 0.002 7.2E-09 | 0.0001 | 2.1E-09 | 0.00000005| 0.00005 0.00001 0.000002 | 0.0000008
Dairy Intake 0.000009 | 0.00001 | 0.0006 | 1.9E-08 | 0.0001 | 1.0E-09 | 0.00000005| 0.00005 0.000009 0.000001 | 0.000002
Exposed Veg. Intake 0.000006 | 0.000003 | 0.0004 | 6.6E-09 | 0.0002 | 1.7E-09 | 0.00000008 | 0.0001 0.000004 0.0000005 | 0.0000008
Root Veg. Intake 0.000005 | 0.000003 | 0.0004 | 6.4E-09 | 0.0001 | 1.4E-09 | 0.00000005| 0.00008 0.000004 0.0000004 | 0.0000008
Fruit Intake 0.000008 | 0.000003 | 0.0004 | 7.6E-09 | 0.0002 | 2.8E-09 | 0.0000002 0.0001 0.000005 0.0000006 | 0.0000009
Waste Concentration 0.00001 | 0.000006 | 0.0007 | 5.2E-08 | 0.001 2.0E-09 | 0.0000001 0.0002 0.00002 0.0000006 | 0.00003

Adult Soil Intake 0.000005 | 0.000003 | 0.0004 | 6.0E-09 | 0.00009 | 1.4E-09 | 0.00000006 | 0.00005 0.000004 0.0000004 | 0.0000007
Meteorological Location 0.000005 | 0.000002 | 0.0003 | 6.5E-09 | 0.0001 | 1.3E-09 | 0.00000004 | 0.00007 0.000004 0.0000005 | 0.0000006
Distance to Receptor 0.000007 | 0.00001 0.001 1.7E-08 | 0.0001 | 2.1E-09 | 0.0000003 | 0.00007 0.00001 0.000001 | 0.000003
WMU Area 0.00005 | 0.00002 0.002 5.2E-08 | 0.001 1.1E-08 | 0.0000003 0.0005 0.00002 0.000004 | 0.000004

Double High-end Parameters

Beef Intake/ Long Exposure 0.00001 | 0.000003 | 0.002 2.9E-08 | 0.0001 | 8.3E-09 | 0.00000005| 0.00005 0.00001 0.000002 | 0.0000008
Dairy Intake/Long Exposure 0.000009 | 0.00001 | 0.0006 | 7.6E-08 | 0.0001 | 4.2E-09 | 0.00000005| 0.00005 0.000009 0.000001 | 0.000002
Exposed Veg. Intake/ Long Exposure 0.000006 | 0.000003 | 0.0004 | 2.6E-08 | 0.0002 | 6.8E-09 | 0.00000008 | 0.0001 0.000004 0.0000005 | 0.0000008
Root Veg. Intake/Long Exposure 0.000005 | 0.000003 | 0.0004 | 2.6E-08 | 0.0001 | 5.4E-09 | 0.00000005| 0.00008 0.000004 0.0000004 | 0.0000008
Fruit Intake/ Long Exposure 0.000008 | 0.000003 | 0.0004 | 3.0E-08 | 0.0002 | 1.1E-08 | 0.0000002 0.0001 0.000005 0.0000006 | 0.0000009
Waste Concentration/Long Exposure 0.00001 | 0.000006 | 0.0007 | 2.1E-07 | 0.001 7.8E-09 | 0.0000001 0.0002 0.00002 0.0000006 | 0.00003

Adult Soil Intake/Long Exposure 0.000005 | 0.000003 | 0.0004 | 2.4E-08 | 0.00009 | 5.5E-09 | 0.00000006 | 0.00005 0.000004 0.0000004 | 0.0000007
Meteorlogical Location/Long Exposure 0.000005 | 0.000002 | 0.0003 | 2.6E-08 | 0.0001 | 5.0E-09 | 0.00000004 | 0.00007 0.000004 0.0000005 | 0.0000006
Distance to Receptor/Long Exposure 0.000007 | 0.00001 0.001 6.7E-08 | 0.0001 | 8.5E-09 | 0.0000003 | 0.00007 0.00001 0.000001 | 0.000003
WMU Area/Long Exposure 0.00005 | 0.00002 0.002 2.1E-07 | 0.001 4.3E-08 | 0.0000003 0.0005 0.00002 0.000004 | 0.000004
Beef Intake/ Dairy Intake 0.00002 | 0.00001 0.002 2.0E-08 | 0.0001 | 2.1E-09 | 0.00000005| 0.00005 0.00002 0.000003 | 0.000002
Beef Intake/ Exposed Veg. Intake 0.00002 | 0.000003 | 0.002 7.9E-09 | 0.0002 | 2.7E-09 | 0.00000008 | 0.0001 0.00001 0.000002 | 0.0000008
Beef Intake/Root Vegetable Intake 0.00001 | 0.000003 | 0.002 7.7E-09 | 0.0001 | 2.4E-09 | 0.00000005| 0.00008 0.00001 0.000002 | 0.0000009
Beef Intake/Fruit Intake 0.00002 | 0.000004 | 0.002 8.9E-09 | 0.0002 | 3.8E-09 | 0.0000002 0.0001 0.00001 0.000003 | 0.0000009
Beef Intake/ Waste Concentration 0.00004 | 0.000007 | 0.005 6.4E-08 | 0.001 3.9E-09 | 0.0000001 0.0002 0.00005 0.000003 | 0.00004

Beef Intake/Adult Soil Intake 0.00001 | 0.000003 | 0.002 7.3E-09 | 0.0001 | 2.4E-09 | 0.00000006 | 0.00005 0.00001 0.000002 | 0.0000008
Beef Intake/Meteorological Location 0.00001 | 0.000002 | 0.003 7.9E-09 | 0.0001 | 2.4E-09 | 0.00000004 | 0.00007 0.00001 0.000002 | 0.0000007
Beef Intake/Distance to Receptor 0.00003 | 0.00001 0.007 2.1E-08 | 0.0001 | 4.9E-09 | 0.0000003 | 0.00007 0.00004 0.000007 | 0.000004
Beef Intake/WMU Area 0.0001 | 0.00002 0.02 6.4E-08 | 0.001 2.0E-08 | 0.0000003 0.0005 0.00007 0.00002 | 0.000004
Dairy Intake/Exposed Vegetable Intake 0.00001 | 0.00001 | 0.0007 | 2.0E-08 | 0.0002 | 1.7E-09 | 0.00000008 | 0.0001 0.00001 0.000001 | 0.000002
Dairy Intake/Root Vegetable Intake 0.00001 | 0.00001 | 0.0007 | 1.9E-08 | 0.0002 | 1.4E-09 | 0.00000005| 0.00008 0.00001 0.000001 | 0.000002
Dairy Intake/Fruit Intake 0.00001 | 0.00001 | 0.0007 | 2.1E-08 | 0.0003 | 2.8E-09 | 0.0000002 0.0001 0.00001 0.000001 | 0.000002
Dairy Intake/Waste Concentration 0.00003 | 0.00002 0.001 1.7E-07 | 0.001 2.0E-09 | 0.0000001 0.0002 0.00005 0.000001 0.0001

Dairy Intake/Adult Soil Intake 0.00001 | 0.00001 | 0.0007 | 1.9E-08 | 0.0001 | 1.4E-09 | 0.00000006 | 0.00005 0.00001 0.000001 | 0.000002
Dairy Intake/ Meteorological Location 0.00001 | 0.000008 | 0.0006 | 2.0E-08 | 0.0002 | 1.3E-09 | 0.00000004 | 0.00007 0.000009 0.000001 | 0.000002
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Table H1-5a Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

Parameters Set to High-end Nickel Silver | Thallium | Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Selenium
Dairy Intake/Distance to Receptor 0.00001 | 0.00005 0.002 5.6E-08 | 0.0002 | 2.1E-09 | 0.0000003 | 0.00007 0.00004 0.000004 | 0.00001
Dairy Intake/ WMU Area 0.0001 | 0.00006 0.004 1.6E-07 | 0.002 1.1E-08 | 0.0000003 0.0005 0.00006 0.000009 | 0.00001
Exposed Veg. Intake/ Root Veg. Intake 0.000007 | 0.000003 | 0.0004 | 7.1E-09 | 0.0002 | 2.0E-09 | 0.00000008 | 0.0001 0.000005 0.0000005 | 0.0000008
Exposed Veg. Intake/ Fruit Intake 0.000009 | 0.000003 | 0.0004 | 8.3E-09 | 0.0003 | 3.4E-09 | 0.0000002 0.0002 0.000006 0.0000007 | 0.0000009
Exposed Veg. Intake/Waste Concentration 0.00001 | 0.000006 | 0.0007 | 5.9-08 | 0.002 3.2E-09 | 0.0000002 0.0004 0.00002 0.0000007 | 0.00004
Exposed Veg. Intake/Adult Soil Intake 0.000006 | 0.000003 | 0.0004 | 6.7E-09 | 0.0002 | 2.0E-09 | 0.00000009| 0.0001 0.000004 0.0000005 | 0.0000008
Exposed Veg. Intake/Meteorological Location 0.000006 | 0.000002 | 0.0004 | 7.3E-09 | 0.0002 | 2.1E-09 | 0.00000007 | 0.0001 0.000004 0.0000006 | 0.0000006
Exposed Veg. Intake/Distance to Receptor 0.000009 | 0.00001 0.001 1.8E-08 | 0.0002 | 3.4E-09 | 0.0000004 0.0001 0.00002 0.000001 | 0.000004
Exposed Veg. Intake/WMU Area 0.00006 | 0.00002 0.002 6.0E-08 | 0.002 1.8E-08 | 0.0000005 0.001 0.00003 0.000005 | 0.000004
Root Veg. Intake/Fruit Intake 0.000008 | 0.000003 | 0.0004 | 8.1E-09 | 0.0003 | 3.1E-09 | 0.0000002 0.0002 0.000006 0.0000006 | 0.0000009
Root Veg. Intake/Waste Concentration 0.00001 | 0.000006 | 0.0007 | 5.7E-08 | 0.001 2.5E-09 | 0.0000001 0.0004 0.00002 0.0000006 | 0.00004
Root Veg. Intake/Adult Soil Intake 0.000005 | 0.000003 | 0.0004 | 6.5E-09 | 0.0001 | 1.7E-09 | 0.00000006 | 0.00008 0.000004 0.0000004 | 0.0000008
Root Veg. Intake/Meteorological Location 0.000006 | 0.000002 | 0.0004 | 7.1E-09 | 0.0002 | 1.7E-09 | 0.00000004 | 0.0001 0.000004 0.0000005 | 0.0000007
Root Veg. Intake/Distance to Receptor 0.000009 | 0.00001 0.001 1.8E-08 | 0.0002 | 2.5E-09 | 0.0000003 0.0001 0.00002 0.000001 | 0.000003
Root Veg. Intake/WMU Area 0.00006 | 0.00002 0.002 5.8E-08 | 0.002 1.4E-08 | 0.0000003 0.0009 0.00003 0.000004 | 0.000005
Fruit Intake/Waste Concentration 0.00002 | 0.000007 | 0.0008 | 6.8E-08 | 0.003 5.1E-09 | 0.0000006 0.0007 0.00003 0.000001 | 0.00004
Fruit Intake/Adult Soil Intake 0.000008 | 0.000003 | 0.0004 | 7.7E-09 | 0.0002 | 3.1E-09 | 0.0000002 0.0001 0.000005 0.0000007 | 0.0000009
Fruit Intake/Meteorological Location 0.000009 | 0.000002 | 0.0004 | 8.5E-09 | 0.0004 | 3.2E-09 | 0.0000001 0.0002 0.000005 0.0000009 | 0.0000008
Fruit Intake/Distance to Receptor 0.00001 | 0.00001 0.001 2.1E-08 | 0.0004 | 6.3E-09 0.000001 0.0002 0.00002 0.000002 | 0.000004
Fruit Intake/WMU Area 0.00008 | 0.00002 0.003 7.0E-08 | 0.004 2.7E-08 0.000001 0.002 0.00004 0.000007 | 0.000004
Waste Concentration/Adult Soil Intake 0.00001 | 0.000006 | 0.0007 | 5.3E-08 | 0.001 2.6E-09 | 0.0000002 0.0002 0.00002 0.0000007 | 0.00004
Waste Concentration/Meteorological Location 0.00001 | 0.000005| 0.0007 | 5.8E-08 | 0.001 2.3E-09 | 0.0000001 0.0003 0.00002 0.0000007 | 0.00002
Waste Concentration/Distance to Receptor 0.00002 | 0.00003 0.002 1.5E-07 | 0.001 4.0E-09 | 0.0000008 0.0003 0.00007 0.000002 0.0002
Waste Concentration/WMU Area 0.0001 | 0.00003 0.006 4.7E-07 0.01 2.0E-08 | 0.0000008 0.002 0.0001 0.000005 0.0002
Adult Soil Intake/Meteorological Location 0.000005 | 0.000002 | 0.0004 | 6.6E-09 | 0.0001 | 1.7E-09 | 0.00000005| 0.00007 0.000004 0.0000006 | 0.0000006
Adult Soil Intake/Distance to Receptor 0.000007 | 0.00001 0.001 1.7E-08 | 0.0001 | 2.6E-09 | 0.0000003 | 0.00007 0.00002 0.000001 | 0.000003
Adult Soil Intake/WMU Area 0.00005 | 0.00002 0.002 5.4E-08 | 0.001 1.4E-08 | 0.0000003 0.0005 0.00002 0.000004 | 0.000004
Meteorological Location/Distance to Receptor 0.00001 | 0.00001 | 0.0009 | 1.7E-08 | 0.0002 | 2.5E-09 | 0.0000002 0.00009 0.00001 0.000001 | 0.000003
Meteorological Location/WMU Area 0.00005 | 0.00001 0.003 6.2E-08 | 0.001 1.3E-08 | 0.0000003 0.0007 0.00002 0.000005 | 0.000004
Distance to Receptor/WMU Area 0.00001 | 0.00003 0.002 3.4E-08 | 0.0001 | 3.7E-09 | 0.0000006 | 0.00008 0.00003 0.000003 | 0.000008
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Table H1-5b Child of Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

[Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.0002 | 0.0000039 0.021 7.3E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Single High-end Parameter

Long Exposure 0.0002 | 0.0000039 0.021 9.1E-08 0.0031 2.5E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Beef intake 0.00021 | 0.000004 0.021 7.3E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Dairy Intake 0.00021 | 0.0000089 0.021 7.9E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000091
Exposed Veg. Intake 0.00021 | 0.000004 0.021 7.3E-08 0.0031 2.2E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000078
Root Veg. Intake 0.0002 | 0.0000039 0.021 7.3E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Fruit Intake 0.00021 | 0.0000042 0.021 7.4E-08 0.0032 2.2E-07 0.0000062 0.001 0.00021 0.000031 | 0.0000079
Waste Concentration 0.00061 | 0.0000093 0.041 6.5E-07 0.041 4.0E-07 0.00002 0.0031 0.001 0.000031 | 0.00033

Adult Soil Intake 0.0002 | 0.0000039 0.021 7.5E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Child Soil Intake 0.0006 | 0.0000051 0.051 1.8E-07 0.0091 5.5E-07 0.00001 0.002 0.00061 0.000071 | 0.000021
Meteorological Location 0.00031 | 0.0000041 0.031 9.0E-08 0.0041 2.6E-07 0.000007 0.001 0.0003 0.000031 | 0.0000086
Distance to Receptor 0.00051 | 0.000023 0.042 1.5E-07 0.0061 4.1E-07 0.00001 0.002 0.00052 0.000052 | 0.000014
WMU Area 0.002 | 0.000027 0.21 5.5E-07 0.031 1.6E-06 0.00004 0.0073 0.002 0.00021 | 0.000054

Double High-end Parameters

Beef Intake/ Long Exposure 0.00021 | 0.000004 0.021 9.1E-08 0.0031 2.5E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Dairy Intake/Long Exposure 0.00021 | 0.0000089 0.021 1.0E-07 0.0031 2.5E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000091
Exposed Veg. Intake/ Long Exposure 0.00021 | 0.000004 0.021 9.1E-08 0.0031 2.5E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000078
Root Veg. Intake/Long Exposure 0.0002 | 0.0000039 0.021 9.1E-08 0.0031 2.5E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Fruit Intake/ Long Exposure 0.00021 | 0.0000042 0.021 9.4E-08 0.0032 2.5E-07 0.0000062 0.001 0.00021 0.000031 | 0.0000079
Waste Concentration/Long Exposure 0.00061 | 0.0000093 0.041 8.1E-07 0.041 4.7E-07 0.00002 0.0031 0.001 0.000031 | 0.00033

Adult Soil Intake/Long Exposure 0.0002 | 0.0000039 0.021 1.1E-07 0.0031 3.0E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Child Soil Intake/Long Exposure 0.0006 | 0.0000051 0.051 2.0E-07 0.0091 5.9E-07 0.00001 0.002 0.00061 0.000071 | 0.000021
Meteorological Location/Long Exposure 0.00031 | 0.0000041 0.031 1.1E-07 0.0041 3.1E-07 0.000007 0.001 0.0003 0.000031 | 0.0000086
Distance to Receptor/Long Exposure 0.00051 | 0.000023 0.042 1.9E-07 0.0061 4.8E-07 0.00001 0.002 0.00052 0.000052 | 0.000014
WMU Area/Long Exposure 0.002 | 0.000027 0.21 6.9E-07 0.031 1.9E-06 0.00004 0.0073 0.002 0.00021 | 0.000054
Beef Intake/ Dairy Intake 0.00021 | 0.000009 0.021 7.9E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000032 | 0.0000091
Beef Intake/ Exposed Veg. Intake 0.00021 | 0.0000041 0.021 7.4E-08 0.0031 2.2E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000078
Beef Intake/Root Vegetable Intake 0.00021 | 0.000004 0.021 7.3E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Beef Intake/Fruit Intake 0.00021 | 0.0000043 0.021 7.5E-08 0.0032 2.2E-07 0.0000062 0.001 0.00021 0.000032 | 0.000008
Beef Intake/Waste Concentration 0.00062 | 0.0000095 0.043 6.5E-07 0.041 4.0E-07 0.00002 0.0031 0.001 0.000031 | 0.00033

Beef Intake/Adult Soil Intake 0.00021 | 0.000004 0.021 7.5E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Beef Intake/Child Soil Intake 0.00061 | 0.0000052 0.051 1.8E-07 0.0091 5.5E-07 0.00001 0.002 0.00061 0.000071 | 0.000021
Beef Intake/Meteorological Location 0.00031 | 0.0000042 0.031 9.0E-08 0.0041 2.6E-07 0.000007 0.001 0.00031 0.000031 | 0.0000087
Beef Intake/Distance to Receptor 0.00052 | 0.000023 0.044 1.5E-07 0.0061 4.1E-07 0.00001 0.002 0.00053 0.000055 | 0.000014
Beef Intake/WMU Area 0.0021 | 0.000027 0.21 5.6E-07 0.031 1.6E-06 0.00004 0.0073 0.0021 0.00021 | 0.000055
Dairy Intake/Exposed Vegetable Intake 0.00021 | 0.000009 0.021 7.9E-08 0.0031 2.2E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000091
Dairy Intake/Root Vegetable Intake 0.00021 | 0.0000089 0.021 7.9E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000091
Dairy Intake/Fruit Intake 0.00021 | 0.0000092 0.021 8.0E-08 0.0033 2.2E-07 0.0000062 0.001 0.00021 0.000031 | 0.0000092
Dairy Intake/Waste Concentration 0.00062 | 0.000022 0.042 7.0E-07 0.041 4.0E-07 0.00002 0.0031 0.001 0.000031 | 0.00038
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Table H1-5b Child of Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Dairy Intake/ Adult Soil Intake 0.00021 | 0.0000089 0.021 8.0E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000091
Dairy Intake/ Child Soil Intake 0.00061 | 0.00001 0.051 1.9E-07 0.0091 5.5E-07 0.00001 0.002 0.00061 0.000071 | 0.000022
Dairy Intake/ Meteorological Location 0.00031 | 0.0000071 0.031 9.6E-08 0.0041 2.6E-07 0.000007 0.001 0.00031 0.000031 | 0.000009
Dairy Intake/Distance to Receptor 0.00052 | 0.000043 0.043 1.7E-07 0.0061 4.1E-07 0.00001 0.002 0.00054 0.000053 | 0.000019
Dairy Intake/WMU Area 0.0021 | 0.000047 0.21 6.0E-07 0.031 1.6E-06 0.00004 0.0073 0.0021 0.00021 0.000059
Exposed Veg. Intake/ Root Veg. Intake 0.00021 | 0.000004 0.021 7.3E-08 0.0031 2.2E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000078
Exposed Veg. Intake/ Fruit Intake 0.00021 | 0.0000042 0.021 7.5E-08 0.0033 2.2E-07 0.0000062 0.001 0.00021 0.000031 | 0.000008
Exposed Veg. Intake/Waste Concentration 0.00062 | 0.0000094 0.041 6.5E-07 0.041 4.0E-07 0.00002 0.0033 0.001 0.000031 0.00033
Exposed Veg. Intake/Adult Soil Intake 0.00021 | 0.000004 0.021 7.5E-08 0.0031 2.2E-07 0.0000061 0.00096 0.00021 0.000031 | 0.0000078
Exposed Veg. Intake/Child Soil Intake 0.00061 | 0.0000052 0.051 1.8E-07 0.0091 5.5E-07 0.00001 0.0021 0.00061 0.000071 | 0.000021
Exposed Veg. Intake/Meteorological Location 0.00031 | 0.0000042 0.031 9.0E-08 0.0041 2.6E-07 0.000007 0.0011 0.0003 0.000031 | 0.0000087
Exposed Veg. Intake/Distance to Receptor 0.00051 | 0.000023 0.042 1.5E-07 0.0062 4.1E-07 0.00001 0.0021 0.00052 0.000052 | 0.000014
Exposed Veg. Intake/WMU Area 0.0021 | 0.000027 0.21 5.6E-07 0.031 1.6E-06 0.00004 0.0077 0.002 0.00021 0.000055
Root Veg. Intake/Fruit Intake 0.00021 | 0.0000042 0.021 7.4E-08 0.0032 2.2E-07 0.0000062 0.001 0.00021 0.000031 | 0.0000079
Root Veg. Intake/Waste Concentration 0.00061 | 0.0000093 0.041 6.5E-07 0.041 4.0E-07 0.00002 0.0031 0.001 0.000031 0.00033
Root Veg. Intake/Adult Soil Intake 0.0002 | 0.0000039 0.021 7.5E-08 0.0031 2.2E-07 0.000006 0.00093 0.00021 0.000031 | 0.0000078
Root Veg. Intake/Child Soil Intake 0.0006 | 0.0000051 0.051 1.8E-07 0.0091 5.5E-07 0.00001 0.002 0.00061 0.000071 | 0.000021
Root Veg. Intake/Meteorological Location 0.00031 | 0.0000041 0.031 9.0E-08 0.0041 2.6E-07 0.000007 0.001 0.0003 0.000031 | 0.0000087
Root Veg. Intake/Distance to Receptor 0.00051 | 0.000023 0.042 1.5E-07 0.0061 4.1E-07 0.00001 0.002 0.00052 0.000052 | 0.000014
Root Veg. Intake/WMU Area 0.002 0.000027 0.21 5.5E-07 0.031 1.6E-06 0.00004 0.0073 0.002 0.00021 0.000054
Fruit Intake/Waste Concentration 0.00062 | 0.0000098 0.041 6.6E-07 0.042 4.1E-07 0.000021 0.0035 0.001 0.000031 0.00034
Fruit Intake/Adult Soil Intake 0.00021 | 0.0000042 0.021 7.6E-08 0.0032 2.2E-07 0.0000062 0.001 0.00021 0.000031 | 0.0000079
Fruit Intake/Child Soil Intake 0.00061 | 0.0000054 0.051 1.8E-07 0.0092 5.6E-07 0.00001 0.0021 0.00061 0.000071 | 0.000021
Fruit Intake/Meteorological Location 0.00031 | 0.0000044 0.031 9.1E-08 0.0043 2.6E-07 0.0000071 0.0012 0.00031 0.000031 | 0.0000088
Fruit Intake/Distance to Receptor 0.00051 | 0.000023 0.043 1.5E-07 0.0063 4.1E-07 0.000011 0.0022 0.00053 0.000052 | 0.000015
Fruit Intake/WMU Area 0.0021 | 0.000029 0.21 5.7E-07 0.033 1.6E-06 0.000041 0.0081 0.002 0.00021 0.000055
Waste Concentration/ Adult Soil Intake 0.00061 | 0.0000093 0.041 6.6E-07 0.041 4.1E-07 0.00002 0.0031 0.001 0.000031 0.00033
Waste Concentration/ Child Soil Intake 0.002 0.000012 0.1 1.6E-06 0.1 1.0E-06 0.00004 0.0091 0.003 0.000091 0.00083
Waste Concentration/Meteorological Location 0.00082 | 0.0000082 0.051 8.0E-07 0.041 4.9E-07 0.00002 0.0041 0.001 0.000041 0.00043
Waste Concentration/Distance to Receptor 0.001 0.000035 0.094 1.3E-06 0.061 7.7E-07 0.00003 0.0061 0.0021 0.000063 0.00091
Waste Concentration/WMU Area 0.0051 | 0.000052 0.31 4.9E-06 0.31 3.1E-06 0.0001 0.031 0.0092 0.00021 0.0022
Adult Soil Intake/Child Soil Intake 0.0006 | 0.0000051 0.051 1.8E-07 0.0091 5.6E-07 0.00001 0.002 0.00061 0.000071 | 0.000021
Adult Soil Intake/Meteorological Location 0.00031 | 0.0000041 0.031 9.2E-08 0.0041 2.7E-07 0.000007 0.001 0.0003 0.000031 | 0.0000086
Adult Soil Intake/Distance to Receptor 0.00051 | 0.000023 0.042 1.5E-07 0.0061 4.2E-07 0.00001 0.002 0.00052 0.000052 | 0.000014
Adult Soil Intake/WMU Area 0.002 0.000027 0.21 5.6E-07 0.031 1.7E-06 0.00004 0.0073 0.002 0.00021 0.000054
Child Soil Intake/ Meteorological Location 0.00081 | 0.0000061 0.071 2.2E-07 0.01 6.8E-07 0.00002 0.003 0.0008 0.000091 | 0.000021
Child Soil Intake/Distance to Receptor 0.001 0.000025 0.1 3.6E-07 0.01 1.1E-06 0.00003 0.004 0.001 0.0001 0.000044
Child Soil Intake/WMU Area 0.005 0.000041 0.41 1.4E-06 0.071 4.2E-06 0.0001 0.02 0.005 0.00051 0.0001
Meteorological Location/Distance to Receptor 0.00061 | 0.000012 0.052 1.8E-07 0.0061 5.0E-07 0.00001 0.002 0.00062 0.000062 | 0.000023
Meteorological Location/WMU Area 0.0021 | 0.000029 0.21 6.8E-07 0.031 2.0E-06 0.00005 0.0083 0.002 0.00021 0.000063
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Table H1-5b Child of Farmer Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

[Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Selenium

| Distance to Receptor/WMU Area 0.00052 | 0.000033 0.044 1.6E-07 0.0061 4.1E-07 0.00001 0.002 0.00055 0.000055 | 0.000019
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Table H1-5¢ Adult Resident Individual Risk from All Ingestion Pathways for Non-utility Coal Co-Managed Wastes Managed in Offsite Landfill

[Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium | Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.000006 | 0.00000002 0.0005 8.6E-10 | 0.00008 | 2.7E-09 | 0.0000001 0.00002 0.000006 0.0000006 | 0.0000002
Single High-end Parameter

Long Exposure 0.000006 | 0.00000002 0.0005 8.4E-09 | 0.00008 | 2.7E-08 | 0.0000001 0.00002 0.000006 0.0000006 | 0.0000002
Constituent Conc. 0.00001 | 0.00000004 0.001 7.7E-09 | 0.0009 5.1E-09 | 0.0000004 0.00008 0.00003 0.0000008 | 0.000008
Adult Soil Intake 0.00001 | 0.00000004 0.001 1.9E-09 | 0.0002 6.0E-09 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000003
Meteorological Location 0.000007 | 0.00000002 0.0006 1.1E-09 | 0.00009 | 3.3E-09 | 0.0000002 0.00002 0.000007 0.0000008 | 0.0000002
Distance To Receptor 0.00001 | 0.00000004 0.0009 1.7E-09 | 0.0001 5.2E-09 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000003
WMU Area 0.00004 | 0.0000001 0.004 6.5E-09 | 0.0006 2.1E-08 0.000001 0.0002 0.00004 0.000005 | 0.000001
Double High-end Parameters

Constituent Conc./Long Exposure 0.00001 | 0.00000004 0.001 7.5E-08 | 0.0009 5.0E-08 | 0.0000004 0.00008 0.00003 0.0000008 | 0.000008
Adult Soil Intake/Long Exposure 0.00001 | 0.00000004 0.001 1.9E-08 | 0.0002 5.8E-08 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000003
Meteorological Location/Long Exposure 0.000007 | 0.00000002 0.0006 1.0E-08 | 0.00009 | 3.2E-08 | 0.0000002 0.00002 0.000007 0.0000008 | 0.0000002
Distance to Receptor/Long Exposure 0.00001 | 0.00000004 0.0009 1.7E-08 | 0.0001 5.1E-08 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000003
WMU Area/Long Exposure 0.00004 | 0.0000001 0.004 6.3E-08 | 0.0006 2.0E-07 0.000001 0.0002 0.00004 0.000005 | 0.000001
Waste Concentration/ Adult Soil Intake 0.00003 | 0.00000009 0.002 1.7E-08 0.002 1.1E-08 | 0.0000009 0.0002 0.00006 0.000002 0.00002

Waste Concentration/ Meteorological Location 0.00002 | 0.00000005 0.001 9.5E-09 | 0.0009 6.2E-09 | 0.0000005 0.00009 0.00003 0.000001 | 0.000009
Waste Concentration/ Distance to Receptor 0.00003 | 0.00000009 0.002 1.5E-08 0.001 9.6E-09 | 0.0000008 0.0001 0.00005 0.000001 0.00002

Waste Concentration/ WMU Area 0.0001 0.0000003 0.008 5.8E-08 0.007 3.8E-08 0.000003 0.0006 0.0002 0.000006 0.00006

Adult Soil Intake/ Meteorological Location 0.00002 | 0.00000005 0.001 2.3E-09 | 0.0002 7.3E-09 | 0.0000004 0.00005 0.00002 0.000002 | 0.0000004
Adult Soil Intake/ Distance to Receptor 0.00002 | 0.00000009 0.002 3.7E-09 | 0.0003 1.1E-08 | 0.0000006 0.00008 0.00002 0.000003 | 0.0000007
Adult Soil Intake/ WMU Area 0.0001 0.0000003 0.008 1.4E-08 0.001 4.5E-08 0.000002 0.0003 0.00009 0.00001 0.000003
Meteorological Location/Distance to Receptor 0.00001 | 0.00000005 0.001 2.1E-09 | 0.0001 6.2E-09 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000004
Meteorological Location/WMU Area 0.00005 | 0.0000002 0.005 8.0E-09 | 0.0007 2.5E-08 0.000001 0.0002 0.00005 0.000006 | 0.000001
Distance to Receptor/WMU Area 0.00001 | 0.00000004 0.0009 1.7E-09 | 0.0001 5.2E-09 | 0.0000003 0.00004 0.00001 0.000001 | 0.0000003
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Table H1-5d Home Gardener Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

(Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium | Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Central Tendency 0.000006 | 0.00000005 | 0.0005 9.2E-10 | 0.0001 2.8E-09 | 0.0000001 0.00003 0.000006 0.0000006 | 0.0000002
Single High-end Parameter

Long Exposure 0.000006 | 0.00000005 | 0.0005 9.0E-09 | 0.0001 2.7E-08 | 0.0000001 0.00003 0.000006 0.0000006 | 0.0000002
Exposed Veg. Intake 0.000007 | 0.00000008 | 0.0005 1.0E-09 | 0.0001 2.9E-09 | 0.0000001 0.00006 0.000006 0.0000007 | 0.0000002
Root Veg.Intake 0.000006 | 0.00000005 | 0.0005 9.3E-10 | 0.0001 2.8E-09 | 0.0000001 0.00003 0.000006 0.0000006 | 0.0000002
Fruit Intake 0.000007 | 0.0000001 0.0005 1.1E-09 | 0.0002 2.9E-09 | 0.0000002 0.00007 0.000007 0.0000007 | 0.0000003
Constituent Conc. 0.00001 | 0.00000009 0.001 8.2E-09 0.001 5.2E-09 | 0.0000004 0.0001 0.00003 0.0000008 | 0.000009
Adult Soil Intake 0.00001 | 0.00000007 0.001 2.0E-09 | 0.0002 6.0E-09 | 0.0000003 0.00005 0.00001 0.000001 | 0.0000003
Meteorological Location 0.000007 | 0.00000005 | 0.0006 1.1E-09 | 0.0001 3.4E-09 | 0.0000002 0.00004 0.000007 0.0000008 | 0.0000002
Distance To Receptor 0.00001 | 0.0000001 0.0009 1.8E-09 | 0.0001 5.3E-09 | 0.0000004 0.00006 0.00001 0.000001 | 0.0000004
WMU Area 0.00004 | 0.0000003 0.004 7.1E-09 | 0.0008 2.1E-08 0.000001 0.0003 0.00004 0.000005 | 0.000001
Double High-end Parameters

Exposed Veg. Intake/Long Exposure 0.000007 | 0.00000008 | 0.0005 1.0E-08 | 0.0001 2.8E-08 | 0.0000001 0.00006 0.000006 0.0000007 | 0.0000002
Root Veg. Intake/Long Exposure 0.000006 | 0.00000005 | 0.0005 9.1E-09 | 0.0001 2.7E-08 | 0.0000001 0.00003 0.000006 0.0000006 | 0.0000002
Fruit Intake/Long Exposure 0.000007 | 0.0000001 0.0005 1.1E-08 | 0.0002 2.9E-08 | 0.0000002 0.00007 0.000007 0.0000007 | 0.0000003
Constituent Conc./Long Exposure 0.00001 | 0.00000009 0.001 8.0E-08 0.001 5.1E-08 | 0.0000004 0.0001 0.00003 0.0000008 | 0.000009
Adult Soil Intake/Long Exposure 0.00001 | 0.00000007 0.001 1.9E-08 | 0.0002 5.9E-08 | 0.0000003 0.00005 0.00001 0.000001 | 0.0000003
Meteorological Location/Long Exposure 0.000007 | 0.00000005 | 0.0006 1.1E-08 | 0.0001 3.3E-08 | 0.0000002 0.00004 0.000007 0.0000008 | 0.0000002
Distance to Receptor/Long Exposure 0.00001 | 0.0000001 0.0009 1.8E-08 | 0.0001 5.2E-08 | 0.0000004 0.00006 0.00001 0.000001 | 0.0000004
WMU ArealLong Exposure 0.00004 | 0.0000003 0.004 6.9E-08 | 0.0008 2.1E-07 0.000001 0.0003 0.00004 0.000005 | 0.000001
Exposed Veg. Intake/Root Veg. Intake 0.000007 | 0.00000008 | 0.0005 1.0E-09 | 0.0001 2.9E-09 | 0.0000001 0.00006 0.000006 0.0000007 | 0.0000002
Exposed Veg. Intake/ Fruit Intake 0.000008 | 0.0000002 0.0005 1.2E-09 | 0.0002 3.0E-09 | 0.0000002 0.00009 0.000007 0.0000007 | 0.0000003
Exposed Veg. Intake/Waste Concentration 0.00001 | 0.0000002 0.001 9.2E-09 0.002 5.4E-09 | 0.0000005 0.0002 0.00003 0.0000009 0.00001

Exposed Veg. Intake/Adult Soil Intake 0.00001 | 0.0000001 0.001 2.1E-09 | 0.0003 6.1E-09 | 0.0000003 0.00008 0.00001 0.000001 | 0.0000003
Exposed Veg. Intake/Meteorological Location 0.000008 | 0.00000009 | 0.0006 1.3E-09 | 0.0002 3.5E-09 | 0.0000002 0.00007 0.000007 0.0000009 | 0.0000002
Exposed Veg. Intake/ Distance to Receptor 0.00001 | 0.0000002 0.0009 2.0E-09 | 0.0002 5.5E-09 | 0.0000005 0.00009 0.00001 0.000001 | 0.0000005
Exposed Veg. Intake/WMU Area 0.00005 | 0.0000006 0.004 8.2E-09 0.001 2.2E-08 0.000001 0.0006 0.00004 0.000006 0.000001
Root Veg. Intake/Fruit Intake 0.000007 | 0.0000001 0.0005 1.1E-09 | 0.0002 3.0E-09 | 0.0000002 0.00007 0.000007 0.0000007 | 0.0000003
Root Veg. Intake/Waste Concentration 0.00001 | 0.0000001 0.001 8.3E-09 0.001 5.2E-09 | 0.0000004 0.0001 0.00003 0.0000008 | 0.000009
Root Veg. Intake/Adult Soil Intake 0.00001 | 0.00000007 0.001 2.0E-09 | 0.0002 6.0E-09 | 0.0000003 0.00005 0.00001 0.000001 | 0.0000003
Root Veg. Intake/ Meteorological Location 0.000007 | 0.00000005 | 0.0006 1.2E-09 | 0.0001 3.4E-09 | 0.0000002 0.00004 0.000007 0.0000008 | 0.0000002
Root Veg. Intake/ Distance to Receptor 0.00001 | 0.0000001 0.0009 1.8E-09 | 0.0001 5.3E-09 | 0.0000004 0.00006 0.00001 0.000001 | 0.0000004
Root Intake/WMU Area 0.00004 | 0.0000003 0.004 7.2E-09 | 0.0008 2.1E-08 0.000001 0.0004 0.00004 0.000005 | 0.000001
Fruit Intake/Waste Concentration 0.00001 | 0.0000003 0.001 9.8E-09 0.002 5.5E-09 | 0.0000006 0.0003 0.00003 0.0000009 0.00001

Fruit Intake/Adult Soil Intake 0.00001 | 0.0000001 0.001 2.1E-09 | 0.0003 6.2E-09 | 0.0000004 0.00009 0.00001 0.000001 | 0.0000004
Fruit Intake/ Meteorological Location 0.000008 | 0.0000001 0.0006 1.3E-09 | 0.0002 3.6E-09 | 0.0000002 0.00008 0.000008 0.0000009 | 0.0000003
Fruit Intake/ Distance to Receptor 0.00001 | 0.0000004 0.001 2.2E-09 | 0.0002 5.7E-09 | 0.0000006 0.0001 0.00001 0.000001 | 0.0000006
Fruit Intake/ WMU Area 0.00005 | 0.0000009 0.004 8.8E-09 0.001 2.3E-08 0.000001 0.0008 0.00005 0.000006 0.000001
Waste Concentration/ Adult Soil Intake 0.00003 | 0.0000001 0.002 1.7E-08 0.002 1.1E-08 | 0.0000009 0.0003 0.00006 0.000002 0.00002

Waste Concentration/ Meteorological Location 0.00002 | 0.0000001 0.001 1.0E-08 0.001 6.3E-09 | 0.0000005 0.0002 0.00003 0.000001 0.00001
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Table H1-5d Home Gardener Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium | Beryllium Boron Cadmium Chromium VI Cobalt Selenium
Waste Concentration/ Distance to Receptor 0.00003 0.0000002 0.002 1.6E-08 0.001 9.9E-09 0.000001 0.0002 0.00005 0.000001 0.00002
Waste Concentration/ WMU Area 0.0001 0.0000007 0.008 6.3E-08 0.01 3.9E-08 0.000003 0.001 0.0002 0.000006 0.00006
Adult Soil Intake/ Meteorological Location 0.00002 | 0.00000008 0.001 2.4E-09 | 0.0002 7.4E-09 0.0000004 0.00007 0.00002 0.000002 | 0.0000004
Adult Soil Intake/ Distance to Receptor 0.00002 0.0000002 0.002 3.8E-09 | 0.0003 1.1E-08 0.0000007 0.0001 0.00002 0.000003 | 0.0000008
Adult Soil Intake/ WMU Area 0.0001 0.0000005 0.008 1.5E-08 0.001 4.6E-08 0.000002 0.0004 0.00009 0.00001 0.000003
Meteorological Location/Distance to Receptor 0.00001 0.0000001 0.001 2.2E-09 | 0.0001 6.4E-09 0.0000004 0.00006 0.00001 0.000001 | 0.0000005
Meteorological Location/WMU Area 0.00006 0.0000004 0.005 8.8E-09 0.001 2.6E-08 0.000001 0.0004 0.00005 0.000006 0.000001
Distance to Receptor/WMU Area 0.00001 0.0000002 0.0009 1.9E-09 | 0.0001 5.4E-09 0.0000004 0.00006 0.00001 0.000001 | 0.0000004
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Table H1-5e Fisher Individual Risk from All Ingestion Pathways for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

||Parameters Set to High-end Nickel Thallium Arsenic Beryllium Cadmium Chromium VI Selenium

Central Tendency 0.000000001 | 0.000005 | 2.2E-12 8.5E-12 0.0000002 0.00000001 0.0000004

Single High-end Parameter
Long Exposure 0.000000001 | 0.000005 | 2.1E-11 8.3E-11 0.0000002 0.00000001 0.0000004
Fish Intake 0.000000004 0.00003 1.4E-11 5.4E-11 0.000001 0.00000006 0.000002
Waste Concentration 0.000000002 0.00001 2.0E-11 1.6E-11 0.0000007 0.00000005 0.00002
Meteorological Location 0.0000000001 | 0.0000007 | 2.0E-13 1.2E-12 0.00000004 0.000000001 0.00000002
Distance to Receptor 0.000000001 | 0.000006 | 2.4E-12 1.0E-11 0.0000002 0.00000001 0.0000004
WMU Area 0.000000007 0.00006 2.5E-11 9.7E-11 0.000002 0.0000001 0.000004

Double High-end Parameters
Fish Intake/Long Exposure 0.000000004 0.00003 1.4E-10 5.3E-10 0.000001 0.00000006 0.000002
Waste Concentration/Long Exposure 0.000000002 0.00001 1.9E-10 1.5E-10 0.0000007 0.00000005 0.00002
Meteorological Location/Long Exposure 0.0000000001 | 0.0000007 | 2.0E-12 1.2E-11 0.00000004 0.000000001 0.00000002
Distance to Receptor/Long Exposure 0.000000001 | 0.000006 2.4E-11 9.8E-11 0.0000002 0.00000001 0.0000004
WMU Area/Long Exposure 0.000000007 0.00006 2.5E-10 9.5E-10 0.000002 0.0000001 0.000004
Fish Intake/Waste Concentration 0.00000001 0.00007 1.2E-10 1.0E-10 0.000005 0.0000003 0.0001
Fish Intake/Meteorological Location 0.000000001 | 0.000005 1.3E-12 7.7E-12 0.0000003 0.000000005 0.0000001
Fish Intake/Distance to Receptor 0.000000005 0.00004 1.5E-11 6.4E-11 0.000001 0.00000006 0.000002
Fish Intake/WMU Area 0.00000004 0.0004 1.6E-10 6.2E-10 0.00001 0.0000007 0.00003
Waste Concentration/Meteorological Location 0.000000000 | 0.000002 1.8E-12 2.2E-12 0.0000002 0.000000004 0.0000009
Waste Concentration/Distance to Receptor 0.000000002 0.00001 2.1E-11 1.9E-11 0.0000009 0.00000005 0.00002
Waste Concentration/WMU Area 0.00000002 0.0001 2.3E-10 1.8E-10 0.000008 0.0000005 0.0002
Meteorological Location/Distance to Receptor 0.0000000002 | 0.000001 3.6E-13 2.4E-12 0.00000008 0.000000001 0.00000002
Meteorological Location/WMU Area 0.000000001 | 0.000007 | 2.1E-12 1.2E-11 0.0000004 0.000000008 0.0000002
Distance to Receptor/WMU Area 0.000000001 | 0.000008 | 2.8E-12 1.3E-11 0.0000003 0.00000001 0.0000004
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Table H1-6a Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

[lParameters Set to High-end Nickel Silver Thallium Arsenic Barium | Beryllium Boron Cadmium | Chromium VI|  Cobalt | Vanadium
Central Tendency 0.000009 | 0.000002 0.0006 3.2E-08 0.0002 | 1.8E-09 | 0.00000005 | 0.00005 0.00001 0.0000004 | 0.00002
h Single High-end Parameter
Long Exposure 0.000009 | 0.000002 0.0006 1.3E-07 0.0002 | 7.2E-09 | 0.00000005 | 0.00005 0.00001 0.0000004 | 0.00002
z Beef intake 0.00003 | 0.000002 0.004 3.9E-08 0.0002 | 3.5E-09 | 0.00000005 | 0.00005 0.00004 0.000002 | 0.00004
Dairy Intake 0.00001 | 0.000008 0.001 1.0E-07 0.0002 | 1.8E-09 | 0.00000005 | 0.00005 0.00004 0.000001 | 0.00006
m Exposed Veg. Intake 0.00001 | 0.000002 0.0006 3.6E-08 0.0003 | 3.0E-09 | 0.00000009 | 0.0001 0.00002 0.0000005 | 0.00002
Root Veg. Intake 0.00001 | 0.000002 0.0006 3.5E-08 0.0002 | 2.4E-09 | 0.00000005 | 0.00008 0.00002 0.0000004 | 0.00002
E Fruit Intake 0.00001 | 0.000002 0.0006 4.2E-08 0.0006 | 4.7E-09 | 0.0000002 0.0001 0.00002 0.0000007 | 0.00002
Waste Concentration 0.0003 0.00001 0.002 2.6E-07 0.0006 | 9.0E-09 | 0.0000001 0.0003 0.00002 0.000001 0.003
:’ Adult Soil Intake 0.000009 | 0.000002 0.0006 3.2E-08 0.0002 | 2.4E-09 | 0.00000006 | 0.00005 0.00002 0.0000005 | 0.00002
U Meteorological Location 0.00001 | 0.000002 0.0006 3.6E-08 0.0002 | 2.2E-09 | 0.00000004 | 0.00005 0.00001 0.0000005 | 0.00002
Distance to Receptor 0.00001 | 0.000007 0.001 6.2E-08 0.0002 | 2.8E-09 | 0.0000001 | 0.00005 0.00003 0.000001 | 0.00004
o WMU Area 0.00002 | 0.000004 0.0009 6.0E-08 0.0004 | 3.5E-09 | 0.00000008 | 0.00009 0.00002 0.0000009 | 0.00003
Double High-end Parameters
a Beef Intake/ Long Exposure 0.00003 | 0.000002 0.004 1.6E-07 0.0002 | 1.4E-08 | 0.00000005 | 0.00005 0.00004 0.000002 | 0.00004
Dairy Intake/Long Exposure 0.00001 | 0.000008 0.001 4.0E-07 0.0002 | 7.2E-09 | 0.00000005 | 0.00005 0.00004 0.000001 | 0.00006
Exposed Veg. Intake/ Long Exposure 0.00001 | 0.000002 0.0006 1.4E-07 0.0003 | 1.2E-08 | 0.00000009 | 0.0001 0.00002 0.0000005 | 0.00002
m Root Veg. Intake/Long Exposure 0.00001 | 0.000002 0.0006 1.4E-07 0.0002 | 9.5E-09 | 0.00000005 | 0.00008 0.00002 0.0000004 | 0.00002
Fruit Intake/ Long Exposure 0.00001 | 0.000002 0.0006 1.7E-07 0.0006 | 1.9E-08 | 0.0000002 0.0001 0.00002 0.0000007 | 0.00002
> Waste Concentration/Long Exposure 0.0003 0.00001 0.002 1.0E-06 0.0006 | 3.6E-08 0.0000001 0.0003 0.00002 0.000001 0.003
= Adult Soil Intake/Long Exposure 0.000009 | 0.000002 0.0006 1.3E-07 0.0002 | 9.6E-09 | 0.00000006 | 0.00005 0.00002 0.0000005 | 0.00002
Meteorlogical Location/Long Exposure 0.00001 | 0.000002 0.0006 1.5E-07 0.0002 | 8.8E-09 | 0.00000004 | 0.00005 0.00001 0.0000005 | 0.00002
: Distance to Receptor/Long Exposure 0.00001 | 0.000007 0.001 2.5E-07 0.0002 | 1.1E-08 | 0.0000001 | 0.00005 0.00003 0.000001 | 0.00004
WMU Area/Long Exposure 0.00002 | 0.000004 0.0009 2.4E-07 0.0004 | 1.4E-08 | 0.00000008 | 0.00009 0.00002 0.0000009 | 0.00003
u Beef Intake/ Dairy Intake 0.00003 | 0.000008 0.005 1.1E-07 0.0003 | 3.5E-09 | 0.00000005 | 0.00005 0.00006 0.000003 | 0.00008
u Beef Intake/ Exposed Veg. Intake 0.00003 | 0.000002 0.004 4.3E-08 0.0003 | 4.6E-09 | 0.00000009 | 0.0001 0.00004 0.000002 | 0.00004
Beef Intake/Root Vegetable Intake 0.00003 | 0.000002 0.004 4.2E-08 0.0002 | 4.1E-09 | 0.00000005 | 0.00008 0.00004 0.000002 | 0.00004
q Beef Intake/Fruit Intake 0.00003 | 0.000002 0.004 4.9E-08 0.0006 | 6.4E-09 | 0.0000002 0.0001 0.00005 0.000003 | 0.00004
Beef Intake/ Waste Concentration 0.0009 0.00001 0.02 3.2E-07 0.0006 | 1.7E-08 | 0.0000001 0.0003 0.00007 0.000007 0.005
Beef Intake/Adult Soil Intake 0.00003 | 0.000002 0.004 4.0E-08 0.0002 | 4.1E-09 | 0.00000006 | 0.00005 0.00004 0.000002 | 0.00004
¢ Beef Intake/Meteorological Location 0.00003 | 0.000002 0.005 4.4E-08 0.0002 | 4.1E-09 | 0.00000004 | 0.00005 0.00004 0.000002 | 0.00004
Beef Intake/Distance to Receptor 0.00004 | 0.000008 0.009 7.7E-08 0.0002 | 6.0E-09 | 0.0000001 | 0.00005 0.0001 0.000005 | 0.00007
n Beef Intake/WMU Area 0.00005 | 0.000005 0.008 7.3E-08 0.0004 | 6.7E-09 | 0.00000008 | 0.00009 0.00007 0.000005 | 0.00006
m Dairy Intake/Exposed Vegetable Intake 0.00002 | 0.000008 0.001 1.1E-07 0.0004 | 3.0E-09 | 0.00000009 | 0.0001 0.00004 0.000001 | 0.00006
Dairy Intake/Root Vegetable Intake 0.00002 | 0.000008 0.001 1.0E-07 0.0003 | 2.4E-09 | 0.00000005 | 0.00008 0.00004 0.000001 | 0.00006
Dairy Intake/Fruit Intake 0.00002 | 0.000008 0.001 1.1E-07 0.0006 | 4.7E-09 | 0.0000002 0.0001 0.00004 0.000001 | 0.00006
m' Dairy Intake/Waste Concentration 0.0007 0.00005 0.004 8.2E-07 0.0008 | 9.0E-09 | 0.0000001 0.0003 0.00006 0.000003 0.007
Dairy Intake/Adult Soil Intake 0.00002 | 0.000008 0.001 1.0E-07 0.0003 | 2.4E-09 | 0.00000006 | 0.00005 0.00004 0.000001 | 0.00006
: Dairy Intake/ Meteorological Location 0.00003 | 0.000007 0.001 1.1E-07 0.0003 | 2.2E-09 | 0.00000004 | 0.00005 0.00004 0.000001 | 0.00006
Dairy Intake/Distance to Receptor 0.00003 | 0.00002 0.002 2.0E-07 0.0003 | 2.8E-09 | 0.0000001 | 0.00005 0.0001 0.000002 0.0001
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Table H1-6a Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Dairy Intake/ WMU Area 0.00004 0.00001 0.002 1.9E-07 0.0005 | 3.5E-09 | 0.00000008 | 0.00009 0.00006 0.000001 0.00009
Exposed Veg. Intake/ Root Veg. Intake 0.00001 | 0.000002 0.0006 3.9E-08 0.0004 | 3.5E-09 | 0.00000009 | 0.0001 0.00002 0.0000005 | 0.00002
Exposed Veg. Intake/ Fruit Intake 0.00002 | 0.000002 0.0007 4.6E-08 0.0007 | 5.8E-09 0.0000002 0.0002 0.00002 0.0000007 | 0.00003
Exposed Veg. Intake/Waste Concentration 0.0003 0.00001 0.002 2.9E-07 0.001 | 1.5E-08 0.0000002 0.0007 0.00002 0.000002 0.003
Exposed Veg. Intake/Adult Soil Intake 0.00001 | 0.000002 0.0006 3.6E-08 0.0003 | 3.5E-09 | 0.00000009 | 0.0001 0.00002 0.0000005 | 0.00002
Exposed Veg. Intake/Meteorological Location 0.00001 | 0.000002 0.0006 4.1E-08 0.0004 | 3.6E-09 | 0.00000007 | 0.0001 0.00002 0.0000007 | 0.00002
Exposed Veg. Intake/Distance to Receptor 0.00002 | 0.000007 0.001 6.8E-08 0.0004 | 4.5E-09 0.0000002 0.0001 0.00004 0.000001 0.00005
Exposed Veg. Intake/WMU Area 0.00002 | 0.000004 0.001 6.8E-08 0.0007 | 5.7E-09 0.0000001 0.0002 0.00003 0.000001 0.00004
Root Veg. Intake/Fruit Intake 0.00002 | 0.000002 0.0006 4.5E-08 0.0006 | 5.2E-09 0.0000002 0.0002 0.00002 0.0000007 | 0.00003
Root Veg. Intake/Waste Concentration 0.0003 0.00001 0.002 2.8E-07 0.0008 | 1.2E-08 0.0000001 0.0006 0.00002 0.000001 0.003
Root Veg. Intake/Adult Soil Intake 0.00001 | 0.000002 0.0006 3.5E-08 0.0002 | 2.9E-09 | 0.00000006 | 0.00008 0.00002 0.0000005 | 0.00002
Root Veg. Intake/Meteorological Location 0.00001 | 0.000002 0.0006 4.0E-08 0.0003 | 2.9E-09 | 0.00000004 | 0.00009 0.00002 0.0000005 | 0.00002
Root Veg. Intake/Distance to Receptor 0.00002 | 0.000007 0.001 6.6E-08 0.0003 | 3.5E-09 0.0000001 | 0.00008 0.00004 0.000001 0.00005
Root Veg. Intake/WMU Area 0.00002 | 0.000004 0.001 6.6E-08 0.0004 | 4.6E-09 | 0.00000008 | 0.0002 0.00003 0.0000009 | 0.00004
Fruit Intake/Waste Concentration 0.0005 0.00001 0.003 3.4E-07 0.002 | 2.3E-08 0.0000004 0.001 0.00003 0.000002 0.004
Fruit Intake/Adult Soil Intake 0.00002 | 0.000002 0.0007 4.2E-08 0.0006 | 5.3E-09 0.0000002 0.0001 0.00002 0.0000007 | 0.00003
Fruit Intake/Meteorological Location 0.00002 | 0.000002 0.0007 4.8E-08 0.0006 | 5.6E-09 0.0000001 0.0002 0.00002 0.0000009 | 0.00002
Fruit Intake/Distance to Receptor 0.00002 | 0.000008 0.001 7.8E-08 0.0006 | 7.8E-09 0.0000006 0.0002 0.00005 0.000001 0.00006
Fruit Intake/WMU Area 0.00003 | 0.000005 0.001 7.9E-08 0.001 | 9.0E-09 0.0000003 0.0003 0.00004 0.000001 0.00005
Waste Concentration/Adult Soil Intake 0.0003 0.00001 0.002 2.6E-07 0.0006 | 1.2E-08 0.0000001 0.0004 0.00002 0.000001 0.003
Waste Concentration/Meteorological Location 0.0004 0.00001 0.003 3.0E-07 0.0008 | 1.1E-08 | 0.00000009 0.0005 0.00002 0.000001 0.003
Waste Concentration/Distance to Receptor 0.0004 0.00004 0.006 5.1E-07 0.0008 | 1.4E-08 0.0000004 0.0004 0.00006 0.000002 0.006
Waste Concentration/WMU Area 0.0006 0.00002 0.006 4.9E-07 0.001 | 1.7E-08 0.0000002 0.0007 0.00004 0.000002 0.005
Adult Soil Intake/Meteorological Location 0.00001 | 0.000002 0.0006 3.7E-08 0.0002 | 2.9E-09 | 0.00000005 | 0.00005 0.00002 0.0000006 | 0.00002
Adult Soil Intake/Distance to Receptor 0.00001 | 0.000007 0.001 6.3E-08 0.0002 | 3.5E-09 0.0000001 | 0.00005 0.00003 0.000001 0.00004
Adult Soil Intake/WMU Area 0.00002 | 0.000004 0.001 6.1E-08 0.0004 | 4.7E-09 | 0.00000009 | 0.00009 0.00002 0.000001 0.00004
Meteorological Location/Distance to Receptor 0.00001 | 0.000006 0.001 6.8E-08 0.0002 | 3.4E-09 0.0000001 | 0.00007 0.00003 0.000001 0.00004
Meteorological Location/WMU Area 0.00002 | 0.000003 0.001 7.0E-08 0.0004 | 4.3E-09 | 0.00000007 | 0.0001 0.00002 0.000001 0.00003
Distance to Receptor/WMU Area 0.00001 | 0.000009 0.001 8.0E-08 0.0002 | 3.3E-09 0.0000002 | 0.00005 0.00005 0.000001 0.00005
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Table H1-6b Child of Farmer Individual Risk for All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

[Parameters Set to High-end Nickel Silver Thallium Arsenic Barium | Beryllium Boron Cadmium | Chromium VI| Cobalt | Vanadium
Central Tendency 0.00051 | 0.0000028 0.041 4.1E-07 0.0061 3.6E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Single High-end Parameter

Long Exposure 0.00051 | 0.0000028 0.041 5.0E-07 0.0061 4.2E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Beef intake 0.00052 | 0.0000028 0.042 4.1E-07 0.0061 3.6E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Dairy Intake 0.00052 | 0.0000068 0.041 4.4E-07 0.0061 3.6E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Exposed Veg. Intake 0.00051 | 0.0000029 0.041 4.1E-07 0.0062 3.7E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Root Veg. Intake 0.00051 | 0.0000028 0.041 4.1E-07 0.0061 3.6E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Fruit Intake 0.00052 | 0.000003 0.041 4.1E-07 0.0065 3.7E-07 0.0000062 | 0.00081 0.001 0.000031 0.002
Waste Concentration 0.02 0.000026 0.21 3.3E-06 0.02 1.8E-06 0.00001 0.0052 0.002 0.000072 0.3

Adult Soil Intake 0.00051 | 0.0000028 0.041 4.1E-07 0.0061 3.7E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Child Soil Intake 0.001 | 0.0000041 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.002 0.003 0.000071 0.005
Meteorological Location 0.00061 | 0.000003 0.041 5.0E-07 0.0071 4.5E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Distance to Receptor 0.00081 | 0.0000083 0.062 7.3E-07 0.0091 6.3E-07 0.00001 0.001 0.0021 0.000052 0.004
WMU Area 0.00072 | 0.0000052 0.062 6.5E-07 0.01 5.8E-07 0.00001 0.001 0.002 0.000042 0.003

Double High-end Parameters

Beef Intake/ Long Exposure 0.00052 | 0.0000028 0.042 5.1E-07 0.0061 4.2E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Dairy Intake/Long Exposure 0.00052 | 0.0000068 0.041 5.8E-07 0.0061 4.2E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Exposed Veg. Intake/ Long Exposure 0.00051 | 0.0000029 0.041 5.1E-07 0.0062 4.2E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Root Veg. Intake/Long Exposure 0.00051 | 0.0000028 0.041 5.0E-07 0.0061 4.2E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Fruit Intake/ Long Exposure 0.00052 | 0.000003 0.041 5.2E-07 0.0065 4.3E-07 0.0000062 | 0.00081 0.001 0.000031 0.002
Waste Concentration/Long Exposure 0.02 0.000026 0.21 4.1E-06 0.02 2.1E-06 0.00001 0.0052 0.002 0.000072 0.3

Adult Soil Intake/Long Exposure 0.00051 | 0.0000028 0.041 5.8E-07 0.0061 5.0E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Child Soil Intake/Long Exposure 0.001 | 0.0000041 0.091 1.1E-06 0.02 9.9E-07 0.00002 0.002 0.003 0.000071 0.005
Meteorological Location/Long Exposure 0.00061 | 0.000003 0.041 6.2E-07 0.0071 5.2E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Distance to Receptor/Long Exposure 0.00081 | 0.0000083 0.062 9.1E-07 0.0091 7.3E-07 0.00001 0.001 0.0021 0.000052 0.004
WMU Area/Long Exposure 0.00072 | 0.0000052 0.062 8.2E-07 0.01 6.8E-07 0.00001 0.001 0.002 0.000042 0.003
Beef Intake/ Dairy Intake 0.00052 | 0.0000068 0.043 4.4E-07 0.0061 3.6E-07 0.000006 | 0.00073 0.001 0.000032 0.002
Beef Intake/ Exposed Veg. Intake 0.00052 | 0.0000029 0.042 4.1E-07 0.0062 3.7E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Beef Intake/Root Vegetable Intake 0.00052 | 0.0000028 0.042 4.1E-07 0.0061 3.7E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Beef Intake/Fruit Intake 0.00052 | 0.000003 0.042 4.2E-07 0.0065 3.7E-07 0.0000062 | 0.00081 0.001 0.000032 0.002
Beef Intake/Waste Concentration 0.021 0.000026 0.21 3.3E-06 0.02 1.8E-06 0.00001 0.0052 0.0021 0.000074 0.3

Beef Intake/Adult Soil Intake 0.00052 | 0.0000028 0.042 4.2E-07 0.0061 3.7E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Beef Intake/Child Soil Intake 0.001 | 0.0000041 0.092 1.0E-06 0.02 9.4E-07 0.00002 0.002 0.003 0.000071 0.005
Beef Intake/Meteorological Location 0.00062 | 0.000003 0.043 5.0E-07 0.0071 4.5E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Beef Intake/Distance to Receptor 0.00083 | 0.0000085 0.064 7.3E-07 0.0091 6.3E-07 0.00001 0.001 0.0021 0.000053 | 0.0041
Beef Intake/WMU Area 0.00073 | 0.0000053 0.064 6.5E-07 0.01 5.8E-07 0.00001 0.001 0.0021 0.000043 | 0.0031
Dairy Intake/Exposed Vegetable Intake 0.00052 | 0.0000069 0.041 4.4E-07 0.0062 3.7E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Dairy Intake/Root Vegetable Intake 0.00052 | 0.0000068 0.041 4.4E-07 0.0062 3.6E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Dairy Intake/Fruit Intake 0.00052 | 0.000007 0.042 4.4E-07 0.0065 3.7E-07 0.0000062 | 0.00081 0.001 0.000031 0.002
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Table H1-6b Child of Farmer Individual Risk for All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI | Cobalt | Vanadium
Dairy Intake/Waste Concentration 0.021 0.000046 0.21 3.6E-06 0.02 1.8E-06 0.00001 0.0052 0.0021 0.000073 0.31
Dairy Intake/ Adult Soil Intake 0.00052 | 0.0000068 0.041 4.5E-07 0.0061 3.7E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Dairy Intake/ Child Soil Intake 0.001 0.0000081 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.002 0.003 0.000071 0.005
Dairy Intake/ Meteorological Location 0.00062 | 0.000006 0.042 5.3E-07 0.0072 4.5E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Dairy Intake/Distance to Receptor 0.00083 | 0.000021 0.063 7.9E-07 0.0092 6.3E-07 0.00001 0.001 0.0021 0.000052 0.0041
Dairy Intake/WMU Area 0.00073 | 0.000011 0.063 7.1E-07 0.01 5.8E-07 0.00001 0.001 0.0021 0.000042 0.0031
Exposed Veg. Intake/ Root Veg. Intake 0.00051 | 0.0000029 0.041 4.1E-07 0.0062 3.7E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Exposed Veg. Intake/ Fruit Intake 0.00052 | 0.000003 0.041 4.2E-07 0.0065 3.7E-07 0.0000062 | 0.00084 0.001 0.000031 0.002
Exposed Veg. Intake/Waste Concentration 0.02 0.000026 0.21 3.3E-06 0.021 1.8E-06 0.00001 0.0054 0.002 0.000072 0.3
Exposed Veg. Intake/Adult Soil Intake 0.00051 | 0.0000029 0.041 4.2E-07 0.0062 3.7E-07 0.000006 | 0.00076 0.001 0.000031 0.002
Exposed Veg. Intake/Child Soil Intake 0.001 0.0000042 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.0021 0.003 0.000071 0.005
Exposed Veg. Intake/Meteorological Location 0.00062 | 0.000003 0.041 5.0E-07 0.0073 4.5E-07 0.000008 | 0.00097 0.001 0.000031 0.003
Exposed Veg. Intake/Distance to Receptor 0.00082 | 0.0000084 0.062 7.3E-07 0.0093 6.3E-07 0.00001 0.0011 0.0021 0.000052 0.004
Exposed Veg. Intake/WMU Area 0.00072 | 0.0000053 0.062 6.6E-07 0.01 5.8E-07 0.00001 0.0011 0.002 0.000042 0.003
Root Veg. Intake/Fruit Intake 0.00052 | 0.000003 0.041 4.1E-07 0.0065 3.7E-07 0.0000062 | 0.00081 0.001 0.000031 0.002
Root Veg. Intake/Waste Concentration 0.02 0.000026 0.21 3.3E-06 0.02 1.8E-06 0.00001 0.0052 0.002 0.000072 0.3
Root Veg. Intake/Adult Soil Intake 0.00051 | 0.0000028 0.041 4.2E-07 0.0061 3.7E-07 0.000006 | 0.00073 0.001 0.000031 0.002
Root Veg. Intake/Child Soil Intake 0.001 0.0000041 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.002 0.003 0.000071 0.005
Root Veg. Intake/Meteorological Location 0.00061 | 0.000003 0.041 5.0E-07 0.0071 4.5E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Root Veg. Intake/Distance to Receptor 0.00081 | 0.0000083 0.062 7.3E-07 0.0091 6.3E-07 0.00001 0.001 0.0021 0.000052 0.004
Root Veg. Intake/WMU Area 0.00072 | 0.0000052 0.062 6.5E-07 0.01 5.8E-07 0.00001 0.001 0.002 0.000042 0.003
Fruit Intake/Waste Concentration 0.021 0.000027 0.21 3.4E-06 0.022 1.8E-06 0.00001 0.006 0.002 0.000073 0.3
Fruit Intake/Adult Soil Intake 0.00052 | 0.000003 0.041 4.2E-07 0.0065 3.8E-07 0.0000062 | 0.00081 0.001 0.000031 0.002
Fruit Intake/Child Soil Intake 0.001 0.0000043 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.0021 0.003 0.000071 0.005
Fruit Intake/Meteorological Location 0.00062 | 0.0000032 0.041 5.1E-07 0.0076 4.5E-07 0.0000081 0.001 0.001 0.000031 0.003
Fruit Intake/Distance to Receptor 0.00082 | 0.0000087 0.063 7.4E-07 0.0096 6.3E-07 0.000011 0.0011 0.0021 0.000052 0.0041
Fruit Intake/WMU Area 0.00073 | 0.0000055 0.063 6.7E-07 0.011 5.9E-07 0.00001 0.0012 0.002 0.000042 0.0031
Waste Concentration/ Adult Soil Intake 0.02 0.000026 0.21 3.4E-06 0.02 1.9E-06 0.00001 0.0052 0.002 0.000072 0.3
Waste Concentration/ Child Soil Intake 0.04 0.000031 0.51 8.2E-06 0.06 4.7E-06 0.00004 0.01 0.004 0.0002 0.7
Waste Concentration/Meteorological Location 0.02 0.000017 0.21 4.1E-06 0.02 2.2E-06 0.00002 0.0062 0.002 0.000093 0.3
Waste Concentration/Distance to Receptor 0.03 0.000061 0.31 5.9E-06 0.03 3.1E-06 0.00003 0.0092 0.0031 0.0001 0.51
Waste Concentration/WMU Area 0.031 0.000039 0.31 5.3E-06 0.041 2.9E-06 0.00002 0.0093 0.0031 0.0001 0.4
Adult Soil Intake/Child Soil Intake 0.001 0.0000041 0.091 1.0E-06 0.02 9.4E-07 0.00002 0.002 0.003 0.000071 0.005
Adult Soil Intake/Meteorological Location 0.00061 | 0.000003 0.041 5.1E-07 0.0071 4.6E-07 0.000008 | 0.00093 0.001 0.000031 0.003
Adult Soil Intake/Distance to Receptor 0.00081 | 0.0000083 0.062 7.5E-07 0.0091 6.5E-07 0.00001 0.001 0.0021 0.000052 0.004
Adult Soil Intake/WMU Area 0.00072 | 0.0000052 0.062 6.7E-07 0.01 6.0E-07 0.00001 0.001 0.002 0.000042 0.003
Child Soil Intake/ Meteorological Location 0.001 0.0000041 0.1 1.2E-06 0.02 1.1E-06 0.00002 0.002 0.003 0.000091 0.007
Child Soil Intake/Distance to Receptor 0.002 0.000011 0.2 1.8E-06 0.02 1.6E-06 0.00003 0.003 0.0051 0.0001 0.01
Child Soil Intake/WMU Area 0.002 0.0000072 0.1 1.6E-06 0.03 1.5E-06 0.00003 0.003 0.004 0.0001 0.009
Meteorological Location/Distance to Receptor 0.001 0.0000083 0.082 8.9E-07 0.01 7.6E-07 0.00001 0.001 0.002 0.000062 0.005
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Table H1-6b Child of Farmer Individual Risk for All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI | Cobalt | Vanadium
Meteorological Location/WMU Area 0.00092 | 0.0000052 0.072 8.0E-07 0.01 7.1E-07 0.00001 0.0011 0.002 0.000052 0.004
Distance to Receptor/WMU Area 0.00082 | 0.000011 0.063 7.5E-07 0.0091 6.3E-07 0.00001 0.001 0.0021 0.000052 0.0041
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Table H1-6¢c Adult Resident Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

[Parameters Set to High-end Nickel Silver Thallium | Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Central Tendency 0.00001 | 0.00000002 0.0008 4.8E-09 | 0.0001 4.6E-09 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00005
Single High-end Parameter

Long Exposure 0.00001 | 0.00000002 0.0008 4.7E-08 | 0.0001 4.5E-08 | 0.0000001 | 0.00002 0.00002 0.0000006 | 0.00005
Constituent Conc. 0.0004 | 0.0000001 0.004 3.9E-08 | 0.0005 2.3E-08 | 0.0000003 0.0001 0.00004 0.000002 0.006
Adult Soil Intake 0.00002 | 0.00000004 0.002 1.1E-08 | 0.0003 1.0E-08 | 0.0000003 | 0.00004 0.00005 0.000001 0.0001
Meteorological Location 0.00001 | 0.00000002 0.001 6.0E-09 | 0.0002 5.6E-09 | 0.0000002 | 0.00002 0.00003 0.0000008 | 0.00006
Distance To Receptor 0.00002 | 0.00000003 0.001 8.6E-09 | 0.0002 7.9E-09 | 0.0000003 | 0.00003 0.00004 0.000001 0.00009
WMU Area 0.00002 | 0.00000003 0.001 7.6E-09 | 0.0002 7.3E-09 | 0.0000002 | 0.00003 0.00004 0.000001 0.00008
Double High-end Parameters
Constituent Conc./Long Exposure 0.0004 | 0.0000001 0.004 3.8E-07 | 0.0005 2.2E-07 | 0.0000003 0.0001 0.00004 0.000002 0.006
Adult Soil Intake/Long Exposure 0.00002 | 0.00000004 0.002 1.0E-07 | 0.0003 9.9E-08 | 0.0000003 | 0.00004 0.00005 0.000001 0.0001
Meteorological Location/Long Exposure 0.00001 | 0.00000002 0.001 5.8E-08 | 0.0002 5.5E-08 | 0.0000002 | 0.00002 0.00003 0.0000008 | 0.00006
Distance to Receptor/Long Exposure 0.00002 | 0.00000003 0.001 8.4E-08 | 0.0002 7.8E-08 | 0.0000003 | 0.00003 0.00004 0.000001 0.00009
WMU Area/Long Exposure 0.00002 | 0.00000003 0.001 7.5E-08 | 0.0002 7.2E-08 | 0.0000002 | 0.00003 0.00004 0.000001 0.00008
Waste Concentration/ Adult Soil Intake 0.0008 | 0.0000003 0.009 8.6E-08 | 0.001 5.0E-08 | 0.0000007 0.0003 0.00008 0.000004 0.01
Waste Concentration/ Meteorological Location 0.0005 | 0.0000001 0.005 4.8E-08 | 0.0006 2.8E-08 | 0.0000004 0.0001 0.00005 0.000002 0.008
Waste Concentration/ Distance to Receptor 0.0006 | 0.0000002 0.007 7.0E-08 | 0.0008 3.9E-08 | 0.0000006 0.0002 0.00007 0.000003 0.01
Waste Concentration/ WMU Area 0.0006 | 0.0000002 0.006 6.2E-08 | 0.0008 3.6E-08 | 0.0000005 0.0002 0.00006 0.000003 0.01
Adult Soil Intake/ Meteorological Location 0.00003 | 0.00000005 0.002 1.3E-08 | 0.0003 1.2E-08 | 0.0000004 | 0.00005 0.00006 0.000002 0.0001
Adult Soil Intake/ Distance to Receptor 0.00004 | 0.00000007 0.003 1.9E-08 | 0.0005 1.7E-08 | 0.0000006 | 0.00006 0.00009 0.000002 0.0002
Adult Soil Intake/ WMU Area 0.00004 | 0.00000006 0.003 1.7E-08 | 0.0005 1.6E-08 | 0.0000005 | 0.00006 0.00008 0.000002 0.0002
Meteorological Location/Distance to Receptor 0.00002 | 0.00000004 0.002 1.1E-08 | 0.0002 9.6E-09 | 0.0000003 | 0.00003 0.00005 0.000001 0.0001
Meteorological Location/WMU Area 0.00002 | 0.00000003 0.002 9.5E-09 | 0.0003 9.0E-09 | 0.0000003 | 0.00003 0.00005 0.000001 0.0001
Distance to Receptor/WMU Area 0.00002 | 0.00000003 0.001 8.6E-09 | 0.0002 7.9E-09 | 0.0000003 | 0.00003 0.00004 0.000001 0.00009
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Table H1-6d Home Gardener Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

||Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Central Tendency 0.00001 | 0.00000004 0.0008 5.2E-09 0.0001 4.7E-09 | 0.0000001 | 0.00003 0.00002 0.0000006 | 0.00005
h Single High-end Parameter
Long Exposure 0.00001 | 0.00000004 0.0008 5.0E-08 0.0001 4.6E-08 | 0.0000001 | 0.00003 0.00002 0.0000006 | 0.00005
z Exposed Veg. Intake 0.00001 | 0.00000007 0.0008 5.8E-09 0.0002 4.9E-09 | 0.0000001 | 0.00006 0.00002 0.0000007 | 0.00005
Root Veg.Intake 0.00001 | 0.00000004 0.0008 5.2E-09 0.0001 4.7E-09 | 0.0000001 | 0.00003 0.00002 0.0000006 | 0.00005
m Fruit Intake 0.00001 | 0.0000001 0.0008 6.1E-09 0.0002 5.0E-09 | 0.0000002 | 0.00006 0.00002 0.0000007 | 0.00005
Constituent Conc. 0.0004 0.0000002 0.004 4.2E-08 0.0006 2.3E-08 | 0.0000003 0.0002 0.00004 0.000002 0.006
E Adult Soil Intake 0.00002 | 0.00000006 0.002 1.1E-08 0.0003 1.0E-08 | 0.0000003 | 0.00005 0.00005 0.000001 0.0001
Meteorological Location 0.00001 | 0.00000004 0.001 6.4E-09 0.0003 5.7E-09 | 0.0000002 | 0.00003 0.00003 0.0000008 | 0.00006
:‘ Distance To Receptor 0.00002 | 0.00000007 0.001 9.1E-09 0.0003 8.1E-09 | 0.0000003 | 0.00004 0.00004 0.000001 0.00009
WMU Area 0.00002 | 0.00000006 0.001 8.3E-09 0.0003 7.5E-09 | 0.0000002 | 0.00005 0.00004 0.000001 0.00008
U Double High-end Parameters
Exposed Veg. Intake/Long Exposure 0.00001 | 0.00000007 0.0008 5.7E-08 0.0002 4.8E-08 | 0.0000001 | 0.00006 0.00002 0.0000007 | 0.00005
o Root Veg. Intake/Long Exposure 0.00001 | 0.00000004 0.0008 5.1E-08 0.0001 4.6E-08 | 0.0000001 | 0.00003 0.00002 0.0000006 | 0.00005
Fruit Intake/Long Exposure 0.00001 | 0.0000001 0.0008 6.0E-08 0.0002 4.9E-08 | 0.0000002 | 0.00006 0.00002 0.0000007 | 0.00005
n Constituent Conc./Long Exposure 0.0004 0.0000002 0.004 4.1E-07 0.0006 2.3E-07 | 0.0000003 0.0002 0.00004 0.000002 0.006
Adult Soil Intake/Long Exposure 0.00002 | 0.00000006 0.002 1.1E-07 0.0003 1.0E-07 | 0.0000003 | 0.00005 0.00005 0.000001 0.0001
m Meteorological Location/Long Exposure 0.00001 | 0.00000004 0.001 6.2E-08 0.0003 5.6E-08 | 0.0000002 | 0.00003 0.00003 0.0000008 | 0.00006
Distance to Receptor/Long Exposure 0.00002 | 0.00000007 0.001 8.9E-08 0.0003 7.9E-08 | 0.0000003 | 0.00004 0.00004 0.000001 0.00009
> WMU Area/Long Exposure 0.00002 | 0.00000006 0.001 8.1E-08 0.0003 7.4E-08 | 0.0000002 | 0.00005 0.00004 0.000001 0.00008
H Exposed Veg. Intake/Root Veg. Intake 0.00001 | 0.00000007 0.0008 5.8E-09 0.0002 4.9E-09 | 0.0000001 | 0.00006 0.00002 0.0000007 | 0.00005
Exposed Veg. Intake/ Fruit Intake 0.00001 | 0.0000001 0.0009 6.8E-09 0.0003 5.1E-09 | 0.0000002 | 0.00009 0.00002 0.0000008 | 0.00005
: Exposed Veg. Intake/Waste Concentration 0.0005 0.0000005 0.004 4.7E-08 0.0009 2.4E-08 | 0.0000004 0.0004 0.00004 0.000002 0.006
Exposed Veg. Intake/Adult Soil Intake 0.00002 | 0.00000009 0.002 1.2E-08 0.0004 1.0E-08 | 0.0000003 | 0.00008 0.00005 0.000001 0.0001
U‘ Exposed Veg. Intake/Meteorological Location 0.00001 | 0.00000007 0.001 7.2E-09 0.0003 5.9E-09 | 0.0000002 | 0.00006 0.00003 0.0000009 | 0.00006
Exposed Veg. Intake/ Distance to Receptor 0.00002 | 0.0000001 0.001 1.0E-08 0.0003 8.4E-09 | 0.0000004 | 0.00007 0.00004 0.000001 0.00009
m Exposed Veg. Intake/WMU Area 0.00002 | 0.0000001 0.001 9.5E-09 0.0005 7.9E-09 | 0.0000002 | 0.00009 0.00004 0.000001 0.00008
Root Veg. Intake/Fruit Intake 0.00001 | 0.0000001 0.0008 6.2E-09 0.0002 5.0E-09 | 0.0000002 | 0.00007 0.00002 0.0000007 | 0.00005
q Root Veg. Intake/Waste Concentration 0.0004 0.0000002 0.004 4.2E-08 0.0007 2.3E-08 | 0.0000003 0.0002 0.00004 0.000002 0.006
Root Veg. Intake/Adult Soil Intake 0.00002 | 0.00000006 0.002 1.1E-08 0.0003 1.0E-08 | 0.0000003 | 0.00005 0.00005 0.000001 0.0001
ﬂ Root Veg. Intake/ Meteorological Location 0.00001 | 0.00000004 0.001 6.5E-09 0.0003 5.7E-09 | 0.0000002 | 0.00004 0.00003 0.0000008 | 0.00006
Root Veg. Intake/ Distance to Receptor 0.00002 | 0.00000007 0.001 9.2E-09 0.0003 8.1E-09 | 0.0000003 | 0.00005 0.00004 0.000001 0.00009
n Root Intake/WMU Area 0.00002 | 0.00000007 0.001 8.4E-09 0.0003 7.5E-09 | 0.0000002 | 0.00005 0.00004 0.000001 0.00008
Fruit Intake/Waste Concentration 0.0005 0.0000006 0.004 5.0E-08 0.001 2.5E-08 | 0.0000004 0.0004 0.00004 0.000002 0.006
m Fruit Intake/Adult Soil Intake 0.00002 | 0.0000001 0.002 1.2E-08 0.0004 1.0E-08 | 0.0000004 | 0.00008 0.00005 0.000001 0.0001
Fruit Intake/ Meteorological Location 0.00001 | 0.0000001 0.001 7.6E-09 0.0004 6.1E-09 | 0.0000002 | 0.00008 0.00003 0.0000009 | 0.00006
m Fruit Intake/ Distance to Receptor 0.00002 | 0.0000002 0.001 1.1E-08 0.0004 8.6E-09 | 0.0000005 | 0.00009 0.00005 0.000001 0.0001
Fruit Intake/ WMU Area 0.00002 | 0.0000001 0.001 1.0E-08 0.0005 8.1E-09 | 0.0000003 0.0001 0.00004 0.000001 0.00009
: Waste Concentration/ Adult Soil Intake 0.0008 0.0000004 0.009 8.9E-08 0.001 5.1E-08 | 0.0000007 0.0004 0.00008 0.000004 0.01
Waste Concentration/ Meteorological Location 0.0005 0.0000002 0.005 5.2E-08 0.0008 2.8E-08 | 0.0000004 0.0002 0.00005 0.000002 0.008
Waste Concentration/ Distance to Receptor 0.0006 0.0000005 0.007 7.4E-08 0.001 4.0E-08 | 0.0000007 0.0003 0.00007 0.000003 0.01

6/5/98 Ingestion-results-FBC-LF.xlIs




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Table H1-6d Home Gardener Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Waste Concentration/ WMU Area 0.0007 0.0000005 0.006 6.8E-08 0.001 3.7E-08 | 0.0000005 0.0004 0.00006 0.000003 0.01
Adult Soil Intake/ Meteorological Location 0.00003 | 0.00000007 0.002 1.4E-08 0.0004 1.2E-08 | 0.0000004 | 0.00006 0.00006 0.000002 0.0001
Adult Soil Intake/ Distance to Receptor 0.00004 | 0.0000001 0.003 1.9E-08 0.0006 1.8E-08 | 0.0000006 | 0.00007 0.00009 0.000002 0.0002
Adult Soil Intake/ WMU Area 0.00004 | 0.00000009 0.003 1.7E-08 0.0006 1.6E-08 | 0.0000005 | 0.00008 0.00008 0.000002 0.0002
Meteorological Location/Distance to Receptor 0.00002 | 0.00000008 0.002 1.1E-08 0.0003 9.8E-09 | 0.0000003 | 0.00005 0.00005 0.000001 0.0001
Meteorological Location/WMU Area 0.00002 | 0.00000007 0.002 1.0E-08 0.0004 9.2E-09 | 0.0000003 | 0.00006 0.00005 0.000001 0.0001
Distance to Receptor/WMU Area 0.00002 | 0.00000008 0.001 9.2E-09 0.0003 8.1E-09 | 0.0000004 | 0.00004 0.00004 0.000001 0.00009
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Table H1-6e Fisher Individual Risk from All Ingestion Pathways for FBC Wastes Managed in Onsite Landfill

[lParameters Set to High-end Nickel Silver Thallium | Arsenic Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Central Tendency 0.0000003 | 0.000004 0.00003 | 6.6E-10 | 0.0000003 | 1.5E-10 0.000001 0.0000004 0.000008 0.00000004 | 0.000003
Single High-end Parameter

Long Exposure 0.0000003 | 0.000004 0.00003 | 6.4E-09 | 0.0000003 | 1.5E-09 0.000001 0.0000004 0.000008 0.00000004 | 0.000003
Fish Intake 0.0000003 | 0.000004 0.00008 | 7.3E-10 | 0.0000003 | 2.4E-10 0.000001 0.000001 0.000008 0.00000004 | 0.000003
Waste Concentration 0.000009 0.00003 0.0001 5.3E-09 | 0.000001 | 7.6E-10 0.000003 0.000002 0.00001 0.0000001 0.0003
Meteorological Location 0.00000004 | 0.0000002 | 0.000004 | 5.8E-11 | 0.0000001 | 2.1E-11 | 0.00000007 | 0.00000007 | 0.0000006 | 0.000000004 | 0.0000003
Distance to Receptor 0.0000003 | 0.000004 0.00004 | 6.8E-10 | 0.0000004 | 1.7E-10 0.000001 0.0000004 0.000008 0.00000004 | 0.000003
WMU Area 0.0000005 | 0.000009 0.00007 | 1.3E-09 | 0.0000007 | 3.1E-10 0.000003 0.0000006 0.00002 0.00000008 | 0.000005
Double High-end Parameters
Fish Intake/Long Exposure 0.0000003 | 0.000004 0.00008 | 7.1E-09 | 0.0000003 | 2.3E-09 0.000001 0.000001 0.000008 0.00000004 | 0.000003
Waste Concentration/Long Exposure 0.000009 0.00003 0.0001 5.2E-08 | 0.000001 | 7.5E-09 0.000003 0.000002 0.00001 0.0000001 0.0003
Meteorological Location/Long Exposure 0.00000004 | 0.0000002 | 0.000004 | 5.7E-10 | 0.0000001 | 2.0E-10 | 0.00000007 | 0.00000007 | 0.0000006 | 0.000000004 | 0.0000003
Distance to Receptor/Long Exposure 0.0000003 | 0.000004 0.00004 | 6.7E-09 | 0.0000004 | 1.6E-09 0.000001 0.0000004 0.000008 0.00000004 | 0.000003
WMU ArealLong Exposure 0.0000005 | 0.000009 0.00007 | 1.3E-08 | 0.0000007 | 3.0E-09 0.000003 0.0000006 0.00002 0.00000008 | 0.000005
Fish Intake/Waste Concentration 0.000009 0.00003 0.0004 5.9E-09 | 0.000001 | 1.2E-09 0.000003 0.000009 0.00001 0.0000001 0.0003
Fish Intake/Meteorological Location 0.00000004 | 0.0000002 | 0.00001 | 6.4E-11 | 0.0000001 | 3.2E-11 | 0.00000007 | 0.0000002 0.0000006 | 0.000000004 | 0.0000003
Fish Intake/Distance to Receptor 0.0000003 | 0.000004 0.00009 | 7.6E-10 | 0.0000004 | 2.5E-10 0.000001 0.000001 0.000008 0.00000004 | 0.000003
Fish Intake/WMU Area 0.0000005 | 0.000009 0.0002 1.5E-09 | 0.0000007 | 4.7E-10 0.000003 0.000002 0.00002 0.00000008 | 0.000005
Waste Concentration/Meteorological Location 0.000001 0.000001 0.00003 | 4.7E-10 | 0.0000005 | 1.0E-10 | 0.0000002 | 0.0000005 0.0000009 0.00000001 0.00004
Waste Concentration/Distance to Receptor 0.00001 0.00003 0.0002 5.6E-09 | 0.000001 | 8.2E-10 0.000003 0.000002 0.00001 0.0000001 0.0004
Waste Concentration/WMU Area 0.00002 0.00006 0.0003 1.1E-08 | 0.000002 | 1.5E-09 0.000006 0.000004 0.00002 0.0000002 0.0007
Meteorological Location/Distance to Receptor 0.00000006 | 0.0000002 | 0.000007 | 8.0E-11 | 0.0000002 | 3.1E-11 | 0.00000007 | 0.0000001 0.0000007 | 0.000000006 | 0.0000004
Meteorological Location/WMU Area 0.00000007 | 0.0000004 | 0.000008 | 1.1E-10 | 0.0000002 | 4.1E-11 | 0.0000001 | 0.0000001 0.000001 0.000000008 | 0.0000006
Distance to Receptor/WMU Area 0.0000003 | 0.000004 0.00004 | 7.0E-10 | 0.0000004 | 1.7E-10 0.000001 0.0000004 0.000008 0.00000004 | 0.000003
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Table H1-7a Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

[lParameters Set to High-end Nickel Silver | Thallium| Arsenic | Barium Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Central Tendency 0.0000002 | 0.00000004 | 0.00001 | 7.45E-10 | 0.000004 5.0E-11 | 0.0000000002 | 0.000001 | 0.0000002 | 0.00000001 | 0.0000004
Single High-end Parameter

h Long Exposure 0.0000002 | 0.00000003 | 0.00001 | 4.27E-09 | 0.000004 2.8E-10 | 0.0000000002 | 0.000001 | 0.0000002 | 0.00000001 | 0.0000004
z Beef intake 0.0000008 | 0.00000005 | 0.0001 |9.16E-10| 0.000004 9.2E-11 0.0000000002 | 0.000001 | 0.0000006 0.00000006 | 0.0000007
Dairy Intake 0.0000005 | 0.0000001 | 0.00002 | 2.33E-09 | 0.000005 5.0E-11 | 0.0000000002 | 0.000001 | 0.0000004 | 0.00000003 | 0.000001
m Exposed Veg. Intake 0.0000003 | 0.00000005 | 0.00001 | 8.75E-10 | 0.000007 8.4E-11 0.0000000002 | 0.000003 | 0.0000002 0.00000001 | 0.0000004
Root Veg. Intake 0.0000002 | 0.00000005 | 0.00001 | 7.59E-10 | 0.000004 5.2E-11 | 0.0000000002 | 0.000001 | 0.0000002 | 0.00000001 | 0.0000004
E Fruit Intake 0.0000004 | 0.00000005 | 0.00001 | 1.03E-09| 0.00001 1.3E-10 0.0000000002 | 0.000004 | 0.0000003 0.00000002 | 0.0000005
Application Rate 0.0000004 | 0.00000007 | 0.00002 | 1.22E-09 | 0.000005 7.9E-11 | 0.0000000003 | 0.000002 | 0.0000003 | 0.00000002 | 0.0000006
: Application Frequency 0.0000004 | 0.00000007 | 0.00002 | 1.23E-09 | 0.000007 8.2E-11 0.0000000003 | 0.000002 | 0.0000003 0.00000002 | 0.0000006

Constituent Concentration 0.000008 | 0.0000002 | 0.00006 | 6.06E-09 | 0.00001 2.5E-10 | 0.0000000005 | 0.000009 | 0.0000003 | 0.00000003 | 0.00005
U' Tilling Depth 0.0000002 | 0.00000006 | 0.00001 | 7.52E-10 | 0.000005 5.0E-11 0.0000000002 | 0.000001 | 0.0000002 0.00000001 | 0.0000004
Adult Soil Ingestion 0.0000002 | 0.00000004 | 0.00001 | 7.66E-10 | 0.000004 7.0E-11 | 0.0000000004 | 0.000001 | 0.0000002 | 0.00000001 | 0.0000004

o Double High-end Parameters

Beef Intake/Long Exposure 0.0000008 | 0.00000004 | 0.0001 |5.25E-09 | 0.000004 5.2E-10 | 0.0000000002 | 0.000001 | 0.0000006 | 0.00000006 | 0.0000007
n Dairy Intake/Long Exposure 0.0000005 | 0.0000001 | 0.00002 | 1.34E-08 | 0.000005 2.8E-10 0.0000000002 | 0.000001 | 0.0000004 | 0.00000003 | 0.000001
Exposed Veg. Intake/ Long Exposure 0.0000003 | 0.00000004 | 0.00001 | 5.02E-09 | 0.000007 4.8E-10 | 0.0000000002 | 0.000003 | 0.0000002 | 0.00000001 | 0.0000004
m Root Veg. Intake/Long Exposure 0.0000002 | 0.00000003 | 0.00001 | 4.35E-09 | 0.000004 3.0E-10 0.0000000002 | 0.000001 | 0.0000002 0.00000001 | 0.0000004
Fruit Intake/ Long Exposure 0.0000004 | 0.00000004 | 0.00001 | 5.92E-09| 0.00001 7.2E-10 | 0.0000000002 | 0.000004 | 0.0000003 | 0.00000002 | 0.0000005
> Application Rate/Long Exposure 0.0000004 | 0.00000006 | 0.00002 | 6.99E-09 | 0.000005 4.5E-10 0.0000000003 | 0.000002 | 0.0000003 0.00000002 | 0.0000006
Application Frequency/Long Exposure 0.0000004 | 0.00000006 | 0.00002 | 7.12E-09| 0.000005 | 4.7E-10 | 0.0000000003 | 0.000002 | 0.0000003 | 0.00000002 | 0.0000006

H Constituent Concentration/Long Exposure 0.000008 | 0.0000002 | 0.00006 | 3.48E-08 | 0.00001 1.4E-09 0.0000000004 | 0.000008 | 0.0000003 0.00000003 | 0.00005
Tilling Depth/Long Exposure 0.0000002 | 0.00000006 | 0.00001 | 4.28E-09 | 0.000004 2.9E-10 | 0.0000000002 | 0.000001 | 0.0000002 | 0.00000001 | 0.0000004
I Soil Ingestion/Long Exposure 0.0000002 | 0.00000003 | 0.00001 | 4.39E-09 | 0.000004 4.0E-10 0.0000000004 | 0.000001 | 0.0000002 0.00000001 | 0.0000004
Beef Intake/Dairy Intake 0.000001 | 0.0000001 | 0.0001 | 2.5E-09 | 0.000005 9.2E-11 | 0.0000000002 | 0.000001 | 0.0000008 | 0.00000007 | 0.000001
u Beef Intake/Exposed Veg. Intake 0.0000009 | 0.00000005 | 0.0001 | 1.05E-09 | 0.000007 1.3E-10 0.0000000002 | 0.000003 | 0.0000006 0.00000006 | 0.0000008
m Beef Intake/Root Vegetable Intake 0.0000008 | 0.00000005 | 0.0001 | 9.29E-10| 0.000004 9.4E-11 | 0.0000000002 | 0.000001 | 0.0000006 | 0.00000006 | 0.0000007
Beef Intake/Fruit Intake 0.0000009 | 0.00000006 | 0.0001 | 1.2E-09 | 0.00001 1.7E-10 0.0000000002 | 0.000004 | 0.0000006 0.00000007 | 0.0000009
q Beef Intake/Application Rate 0.000001 | 0.00000007 | 0.0002 | 1.5E-09 | 0.000005 1.5E-10 | 0.0000000003 | 0.000002 | 0.0000009 | 0.00000009 | 0.000001
Beef Intake/Application Frequency 0.000001 | 0.00000007 | 0.0002 | 1.51E-09 | 0.000007 1.5E-10 0.0000000003 | 0.000002 | 0.0000009 0.00000009 | 0.000001

Beef Intake/Constituent Concentration 0.00003 | 0.0000003 | 0.0005 |7.45E-09| 0.00001 4.6E-10 | 0.0000000005 | 0.000009 | 0.0000009 0.0000001 0.0001
q Beef Intake/Small Tilling Depth 0.0000008 | 0.00000006 | 0.0001 | 9.25E-10| 0.000005 9.3E-11 0.0000000002 | 0.000001 | 0.0000006 0.00000006 | 0.0000007
Beef Intake/Adult Soil Ingestion 0.0000008 | 0.00000005 | 0.0001 |9.37E-10| 0.000004 1.1E-10 | 0.0000000004 | 0.000001 | 0.0000006 | 0.00000006 | 0.0000008
n Dairy Intake/Exposed Vegetable Intake 0.0000006 | 0.0000001 | 0.00002 | 2.46E-09 | 0.000008 8.4E-11 0.0000000002 | 0.000003 | 0.0000005 | 0.00000003 | 0.000001
Dairy Intake/Root Vegetable Intake 0.0000005 | 0.0000001 | 0.00002 | 2.34E-09 | 0.000005 5.2E-11 | 0.0000000002 | 0.000001 | 0.0000004 | 0.00000003 | 0.000001
qu Dairy Intake/Fruit Intake 0.0000007 | 0.0000001 | 0.00002 | 2.62E-09 | 0.00001 1.3E-10 0.0000000002 | 0.000004 | 0.0000005 | 0.00000003 | 0.000001
Dairy Intake/Application Rate 0.0000009 | 0.0000002 | 0.00003 | 3.81E-09 | 0.000007 7.9E-11 | 0.0000000003 | 0.000002 | 0.0000007 | 0.00000004 | 0.000001
m Dairy Intake/Application Frequency 0.0000009 | 0.0000002 | 0.00003 | 3.84E-09 | 0.000009 8.2E-11 0.0000000003 | 0.000002 | 0.0000007 0.00000004 | 0.000001

Dairy Intake/Constituent Concentration 0.00001 | 0.0000009 | 0.0001 | 1.9E-08 | 0.00002 2.5E-10 | 0.0000000005 | 0.000009 | 0.0000007 | 0.00000007 0.0001
: Dairy Intake/Tilling Depth 0.0000005 | 0.0000002 | 0.00002 | 2.35E-09 | 0.000006 5.0E-11 0.0000000002 | 0.000001 | 0.0000004 | 0.00000003 | 0.000001
Dairy Intake/Adult Soil Ingestion 0.0000005 | 0.0000001 | 0.00002 | 2.35E-09 | 0.000005 7.0E-11 | 0.0000000004 | 0.000001 | 0.0000004 | 0.00000003 | 0.000001
Exposed Veg. Intake/Root Veg. Intake 0.0000003 | 0.00000005 | 0.00001 | 8.89E-10 | 0.000007 8.6E-11 0.0000000002 | 0.000003 | 0.0000003 0.00000001 | 0.0000004
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Table H1-7a Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

Parameters Set to High-end Nickel Silver Thallium| Arsenic | Barium Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Exposed Veg. Intake/Fruit Intake 0.0000005 | 0.00000006 | 0.00002 | 1.16E-09 | 0.00001 1.6E-10 0.0000000002 | 0.000006 | 0.0000003 | 0.00000002 | 0.0000006
Exposed Veg. Intake/Application Rate 0.0000006 | 0.00000008 | 0.00002 | 1.43E-09 | 0.00001 1.3E-10 0.0000000003 | 0.000004 0.0000003 0.00000002 | 0.0000007
Exposed Veg. Intake/Application Frequency 0.0000006 | 0.00000008 | 0.00002 | 1.44E-09 | 0.00001 1.4E-10 0.0000000003 | 0.000004 | 0.0000003 | 0.00000003 | 0.0000007
Exposed Veg. Intake/Constituent Concentration 0.00001 0.0000003 | 0.00006 | 7.12E-09 | 0.00003 4.2E-10 0.0000000005 | 0.00002 0.0000003 0.00000004 0.00006
Exposed Veg. Intake/Tilling Depth 0.0000003 | 0.00000006 | 0.00001 | 8.84E-10| 0.00001 8.5E-11 0.0000000002 | 0.000003 | 0.0000002 | 0.00000001 | 0.0000004
Exposed Veg. Intake/Adult Soil Ingestion 0.0000003 | 0.00000005 | 0.00001 | 8.96E-10| 0.000007 1.0E-10 0.0000000004 | 0.000003 0.0000003 0.00000002 | 0.0000005
Root Veg. Intake/Fruit Intake 0.0000004 | 0.00000005 | 0.00001 | 1.05E-09 | 0.00001 1.3E-10 0.0000000002 | 0.000005 | 0.0000003 | 0.00000002 | 0.0000005
Root Veg. Intake/Application Rate 0.0000004 | 0.00000007 | 0.00002 | 1.24E-09 | 0.000005 8.3E-11 0.0000000003 | 0.000002 0.0000003 0.00000002 | 0.0000007
Root Veg. Intake/Application Frequency 0.0000004 | 0.00000007 | 0.00002 | 1.25E-09 | 0.000007 8.6E-11 0.0000000003 | 0.000002 | 0.0000003 | 0.00000002 | 0.0000007
Root Veg. Intake/Constituent Concentration 0.000009 0.0000002 | 0.00006 | 6.17E-09 | 0.00001 2.6E-10 0.0000000005 | 0.00001 0.0000003 0.00000003 0.00005
Root Veg. Intake/Tilling Depth 0.0000002 | 0.00000006 | 0.00001 | 7.66E-10 | 0.000005 5.3E-11 0.0000000002 | 0.000002 | 0.0000002 | 0.00000001 | 0.0000004
Root Veg. Intake/Adult Soil Ingestion 0.0000003 | 0.00000005 | 0.00001 | 7.8E-10 | 0.000004 7.2E-11 0.0000000004 | 0.000001 0.0000002 0.00000001 | 0.0000004
Fruit Intake/Application Rate 0.0000007 | 0.00000008 | 0.00002 | 1.69E-09 | 0.00002 2.0E-10 0.0000000003 | 0.000007 | 0.0000004 | 0.00000002 | 0.0000009
Fruit Intake/Application Frequency 0.0000007 | 0.00000008 | 0.00002 | 1.7E-09 | 0.00002 2.1E-10 0.0000000003 | 0.000008 0.0000004 0.00000003 | 0.0000009
Fruit Intake/Constituent Concentration 0.00001 0.0000003 | 0.00007 | 8.4E-09 | 0.00005 6.3E-10 0.0000000005 | 0.00003 0.0000004 | 0.00000004 | 0.00007
Fruit Intake/Tilling Depth 0.0000004 | 0.00000007 | 0.00001 | 1.04E-09| 0.00001 1.3E-10 0.0000000002 | 0.000004 0.0000003 0.00000002 | 0.0000005
Fruit Intake/Adult Soil Ingestion 0.0000004 | 0.00000005 | 0.00002 | 1.05E-09 | 0.00001 1.5E-10 0.0000000004 | 0.000004 | 0.0000003 | 0.00000002 | 0.0000006
Appplication Rate/Application Frequency 0.0000006 | 0.0000001 | 0.00003 | 2.01E-09 | 0.000008 1.3E-10 0.0000000005 | 0.000003 0.0000005 0.00000003 | 0.000001
Appplication Rate/Constituent Concentration 0.00001 0.0000004 | 0.00009 | 9.92E-09 | 0.00002 3.9E-10 0.0000000008 | 0.00001 0.0000005 | 0.00000005 | 0.00008
Appplication Rate/Tilling Depth 0.0000004 | 0.0000001 | 0.00002 | 1.23E-09 | 0.000007 8.0E-11 0.0000000004 | 0.000002 0.0000003 0.00000002 | 0.0000006
Appplication Rate/Adult Soil Ingestion 0.0000004 | 0.00000007 | 0.00002 | 1.25E-09 | 0.000005 1.1E-10 0.0000000007 | 0.000002 | 0.0000003 | 0.00000002 | 0.0000007
Appplication Frequency/Constituent Concentration 0.00001 0.0000004 | 0.00009 | 9.98E-09| 0.00002 4.1E-10 0.0000000007 | 0.00001 0.0000005 0.00000006 0.00008
Appplication Frequency/Tilling Depth 0.0000004 | 0.0000001 | 0.00002 | 1.23E-09 | 0.000007 8.3E-11 0.0000000003 | 0.000003 | 0.0000003 | 0.00000002 | 0.0000006
Appplication Frequency/Adult Soil Ingestion 0.0000005 | 0.00000007 | 0.00002 | 1.26E-09 | 0.000007 1.2E-10 0.0000000007 | 0.000002 0.0000003 0.00000002 | 0.0000007
Constituent Concentration/Tilling Depth 0.000008 | 0.0000004 | 0.00006 | 6.12E-09 | 0.00002 2.5E-10 0.0000000005 | 0.00001 0.0000003 | 0.00000003 | 0.00005
Constituent Concentration/Adult Soil Ingestion 0.000009 0.0000002 | 0.00006 | 6.23E-09 | 0.00001 3.5E-10 0.0000000010 | 0.00001 0.0000003 0.00000003 0.00006
Adult Soil Ingestion/Tilling Depth 0.0000002 | 0.00000006 | 0.00001 | 7.74E-10| 0.000005 7.1E-11 0.0000000005 | 0.000001 0.0000002 0.00000001 | 0.0000004
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Table H1-7b Child of Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

[[Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Vanadium
Central Tendency 0.0000008 | 0.00000005 | 0.00006 1.0E-09 | 0.000007 4.5E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000003
Single High-end Parameter

h Long Exposure 0.0000007 | 0.00000004 | 0.00006 1.9E-09 | 0.000007 5.4E-10 0.000000008 | 0.000001 0.000001 0.00000005 | 0.000002
Beef intake 0.000001 | 0.00000005 | 0.00009 1.1E-09 | 0.000007 4.6E-10 0.000000008 | 0.000002 0.000001 0.00000007 | 0.000004
z Dairy Intake 0.000001 | 0.0000001 | 0.00007 1.7E-09 | 0.000008 4.5E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000004
m Exposed Veg. Intake 0.0000009 | 0.00000005 | 0.00007 1.1E-09 0.00001 4.7E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000004
Root Veg. Intake 0.0000009 | 0.00000005 | 0.00006 1.0E-09 | 0.000007 4.6E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000003
Fruit Intake 0.000001 | 0.00000005 | 0.00007 1.2E-09 0.00002 5.1E-10 0.000000008 | 0.000005 0.000001 0.00000005 | 0.000004
E Application Rate 0.000001 | 0.00000008 | 0.0001 1.7E-09 0.00001 7.3E-10 0.00000001 0.000002 0.000002 0.00000008 | 0.000005
Application Frequency 0.000001 | 0.00000008 | 0.0001 1.7E-09 0.00001 7.5E-10 0.00000001 0.000002 0.000002 0.00000008 | 0.000005

: Constituent Concentration 0.00003 0.0000003 0.0003 8.4E-09 0.00003 2.3E-09 0.00000002 0.00001 0.000002 0.0000001 0.0003
Small Tilling Depth 0.000001 | 0.00000007 | 0.00006 1.0E-09 | 0.000008 4.6E-10 0.000000009 | 0.000002 0.000001 0.00000005 | 0.000003
U Adult Soil intake 0.0000008 | 0.00000005 | 0.00006 1.0E-09 | 0.000007 4.6E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000003
Child Soil intake 0.000001 | 0.00000005 | 0.0001 1.8E-09 0.00001 1.1E-09 0.00000002 0.000003 0.000003 0.00000010 | 0.000007

o Double High-end Parameters

Beef Intake/ Long Exposure 0.0000009 | 0.00000005 | 0.00009 2.0E-09 | 0.000007 5.7E-10 0.000000008 | 0.000001 0.000001 0.00000007 | 0.000003
a Dairy Intake/Long Exposure 0.0000009 | 0.00000009 | 0.00007 3.6E-09 | 0.000008 5.4E-10 0.000000008 | 0.000001 0.000001 0.00000005 | 0.000003
Exposed Veg. Intake/ Long Exposure 0.0000008 | 0.00000005 | 0.00007 2.1E-09 0.00001 5.8E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000003
m Root Veg. Intake/Long Exposure 0.0000008 | 0.00000005 | 0.00006 1.9E-09 | 0.000007 5.4E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000002
Fruit Intake/ Long Exposure 0.0000009 | 0.00000005 | 0.00007 2.4E-09 0.00002 6.8E-10 0.000000008 | 0.000004 0.000001 0.00000005 | 0.000003
> Application Rate/Long Exposure 0.000001 | 0.00000007 | 0.0001 3.1E-09 0.00001 8.6E-10 0.00000001 0.000002 0.000002 0.00000008 | 0.000005
Application Frequency/Long Exposure 0.000001 | 0.00000007 | 0.0001 3.2E-09 0.00001 9.0E-10 0.00000001 0.000002 0.000002 0.00000008 | 0.000005

H Constituent Concentration/Long Exposure 0.00003 0.0000002 0.0003 1.6E-08 0.00003 2.7E-09 0.00000002 0.00001 0.000002 0.0000001 0.0003
Small Tilling Depth/Long Exposure 0.0000008 | 0.00000007 | 0.00006 1.9E-09 | 0.000008 5.5E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000003
: Adult Soil intake/Long Exposure 0.0000007 | 0.00000004 | 0.00006 2.0E-09 | 0.000007 6.3E-10 0.000000008 | 0.000001 0.000001 0.00000005 | 0.000002
u Child Soil intake/Long Exposure 0.000001 | 0.00000005 | 0.0001 2.6E-09 0.00001 1.2E-09 0.00000002 0.000003 0.000003 0.00000010 | 0.000006
Beef Intake/ Dairy Intake 0.000001 | 0.0000001 0.0001 1.8E-09 | 0.000008 4.6E-10 0.000000008 | 0.000002 0.000001 0.00000007 | 0.000004
u Beef Intake/ Exposed Veg. Intake 0.000001 | 0.00000005 | 0.0001 1.1E-09 0.00001 4.8E-10 0.000000008 | 0.000002 0.000001 0.00000007 | 0.000004
Beef Intake/Root Vegetable Intake 0.000001 | 0.00000005 | 0.00009 1.1E-09 | 0.000007 4.7E-10 0.000000008 | 0.000002 0.000001 0.00000007 | 0.000004
q Beef Intake/Fruit Intake 0.000001 | 0.00000006 | 0.0001 1.3E-09 0.00002 5.2E-10 0.000000008 | 0.000005 0.000001 0.00000007 | 0.000004
Beef Intake/ Application Rate 0.000002 | 0.00000008 | 0.0002 1.8E-09 0.00001 7.4E-10 0.00000001 0.000002 0.000003 0.0000001 0.000005
Beef Intake/Application Frequency 0.000002 | 0.00000008 | 0.0002 1.8E-09 0.00001 7.7E-10 0.00000001 0.000002 0.000003 0.0000001 0.000005

¢ Beef Intake/Constituent Concentration 0.00004 0.0000003 0.0005 8.8E-09 0.00003 2.3E-09 0.00000002 0.00001 0.000003 0.0000002 0.0004
Beef Intake/Small Tilling Depth 0.000001 | 0.00000007 | 0.0001 1.1E-09 | 0.000008 4.7E-10 0.000000009 | 0.000002 0.000001 0.00000007 | 0.000004
n Beef Intake/Adult Soil Ingestion 0.000001 | 0.00000005 | 0.00009 1.1E-09 | 0.000007 4.7E-10 0.000000008 | 0.000002 0.000001 0.00000007 | 0.000004
w Beef Intake/Child Soil Ingestion 0.000001 | 0.00000005 | 0.0002 1.8E-09 0.00001 1.1E-09 0.00000002 0.000003 0.000003 0.0000001 0.000008
Dairy Intake/Exposed Vegetable Intake 0.000001 | 0.0000001 | 0.00007 1.8E-09 0.00001 4.7E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000004
Dairy Intake/Root Vegetable Intake 0.000001 | 0.0000001 | 0.00007 1.7E-09 | 0.000008 4.6E-10 0.000000008 | 0.000002 0.000001 0.00000005 | 0.000004
m Dairy Intake/Fruit Intake 0.000001 | 0.0000001 | 0.00007 1.9E-09 0.00002 5.1E-10 0.000000008 | 0.000005 0.000001 0.00000006 | 0.000004
Dairy Intake/ Application Rate 0.000002 | 0.0000002 0.0001 2.8E-09 0.00001 7.3E-10 0.00000001 0.000002 0.000003 0.00000009 | 0.000005
: Dairy Intake/ Application Frequency 0.000002 | 0.0000002 0.0001 2.9E-09 0.00001 7.5E-10 0.00000001 0.000002 0.000003 0.00000009 | 0.000005

Dairy Intake/ Constituent Concentration 0.00004 0.0000007 0.0004 1.4E-08 0.00003 2.3E-09 0.00000002 0.00001 0.000003 0.0000002 0.0004
Dairy Intake/ Tilling Depth 0.000001 | 0.0000001 | 0.00007 1.8E-09 0.00001 4.6E-10 0.000000009 | 0.000002 0.000001 0.00000005 | 0.000004
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Table H1-7b Child of Farmer Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

Parameters Set to High-end Nickel Silver Thallium Arsenic Barium Beryllium Boron Cadmium Chromium VI Cobalt Vanadium
Dairy Intake/Adult Soil Ingestion 0.000001 | 0.0000001 0.00007 1.7E-09 0.00001 4.6E-10 0.000000008 0.000002 0.000001 0.00000005 0.000004
Dairy Intake/Child Soil Ingestion 0.000001 | 0.0000001 0.0001 2.5E-09 0.00001 1.1E-09 0.00000002 0.000003 0.000003 0.0000001 0.000008
h Exposed Veg. Intake/ Root Veg. Intake 0.000001 | 0.00000005 | 0.00007 1.1E-09 0.00001 4.7E-10 0.000000008 0.000002 0.000001 0.00000005 0.000004
Exposed Veg. Intake/ Fruit Intake 0.000001 | 0.00000006 | 0.00007 1.3E-09 0.00002 5.3E-10 0.000000008 0.000006 0.000001 0.00000006 0.000004
z Exposed Veg. Intake/ Application Rate 0.000001 | 0.00000009 0.0001 1.8E-09 0.00002 7.5E-10 0.00000001 0.000004 0.000003 0.00000008 0.000005
m Exposed Veg. Intake/Application Frequency 0.000002 | 0.00000009 0.0001 1.8E-09 0.00002 7.8E-10 0.00000001 0.000004 0.000003 0.00000009 0.000005
Exposed Veg. Intake/Constituent Concentration 0.00003 0.0000004 0.0003 8.9E-09 0.00004 2.3E-09 0.00000002 0.00002 0.000003 0.0000001 0.0004
Exposed Veg. Intake/Tilling Depth 0.0000009 | 0.00000007 | 0.00007 1.1E-09 0.00001 4.8E-10 0.000000009 0.000002 0.000001 0.00000005 0.000004
E Exposed Veg. Intake/Adult Soil Ingestion 0.0000009 | 0.00000005 | 0.00007 1.1E-09 0.00001 4.8E-10 0.000000008 0.000002 0.000001 0.00000005 0.000004
Exposed Veg. Intake/Child Soil Ingestion 0.000001 | 0.00000005 0.0001 1.8E-09 0.00002 1.2E-09 0.00000002 0.000004 0.000003 0.00000010 0.000008
: Root Veg. Intake/Fruit Intake 0.000001 | 0.00000005 | 0.00007 1.3E-09 0.00002 5.1E-10 0.000000008 0.000005 0.000001 0.00000005 0.000004
Root Veg. Intake/ Application Rate 0.000001 | 0.00000008 0.0001 1.7E-09 0.00001 7.3E-10 0.00000001 0.000002 0.000003 0.00000008 0.000005
U Root Veg. Intake/Application Frequency 0.000001 | 0.00000008 0.0001 1.7E-09 0.00001 7.6E-10 0.00000001 0.000002 0.000003 0.00000008 0.000005
Root Veg. Intake/Constituent Concentration 0.00003 0.0000003 0.0003 8.5E-09 0.00003 2.3E-09 0.00000002 0.00001 0.000003 0.0000001 0.0004
o Root Veg. Intake/Tilling Depth 0.0000009 | 0.00000007 | 0.00006 1.1E-09 | 0.000009 4.6E-10 0.000000009 0.000002 0.000001 0.00000005 0.000003
Root Veg. Intake/Adult Soil Ingestion 0.0000009 | 0.00000005 | 0.00006 1.1E-09 | 0.000007 4.7E-10 0.000000008 0.000002 0.000001 0.00000005 0.000003
a Root Veg. Intake/Child Soil Ingestion 0.000001 | 0.00000005 0.0001 1.8E-09 0.00001 1.1E-09 0.00000002 0.000003 0.000003 0.0000001 0.000007
Fruit Intake/Application Rate 0.000002 | 0.0000001 0.0001 2.0E-09 0.00002 8.2E-10 0.00000001 0.000007 0.000003 0.00000009 0.000005
m Fruit Intake/Application Frequency 0.000002 | 0.0000001 0.0001 2.1E-09 0.00003 8.5E-10 0.00000001 0.000007 0.000003 0.00000009 0.000005
Fruit Intake/Constituent Concentration 0.00004 0.0000004 0.0003 1.0E-08 0.00005 2.5E-09 0.00000002 0.00004 0.000003 0.0000002 0.0004
> Fruit Intake/Tilling Depth 0.000001 | 0.00000009 | 0.00007 1.3E-09 0.00002 5.2E-10 0.000000009 0.000005 0.000001 0.00000005 0.000004
Fruit Intake/Adult Soil Ingestion 0.000001 | 0.00000005 | 0.00007 1.3E-09 0.00002 5.2E-10 0.000000008 0.000005 0.000001 0.00000005 0.000004
H Fruit Intake/Child Soil Ingestion 0.000001 | 0.00000006 0.0001 2.0E-09 0.00002 1.2E-09 0.00000002 0.000006 0.000003 0.0000001 0.000008
Appplication Rate/Application Frequency 0.000002 | 0.0000001 0.0002 2.8E-09 0.00002 1.2E-09 0.00000002 0.000004 0.000004 0.0000001 0.000008
: Appplication Rate/Constituent Concentration 0.00005 0.0000006 0.0005 1.4E-08 0.00004 3.6E-09 0.00000003 0.00002 0.000004 0.0000002 0.0006
u Appplication Rate/Tilling Depth 0.000001 | 0.0000001 0.0001 1.7E-09 0.00001 7.4E-10 0.00000002 0.000002 0.000002 0.00000008 0.000005
Appplication Rate/Adult Soil Ingestion 0.000001 | 0.00000008 0.0001 1.7E-09 0.00001 7.4E-10 0.00000001 0.000002 0.000002 0.00000008 0.000005
u Appplication Rate/Child Soil Ingestion 0.000003 | 0.00000009 0.0003 2.9E-09 0.00002 1.8E-09 0.00000004 0.000004 0.000005 0.0000001 0.00001
Appplication Frequency/Constituent Concentration 0.00005 0.0000006 0.0005 1.4E-08 0.00004 3.7E-09 0.00000003 0.00002 0.000004 0.0000002 0.0007
q Appplication Frequency/Tilling Depth 0.000001 | 0.0000001 0.0001 1.7E-09 0.00001 7.6E-10 0.00000001 0.000002 0.000002 0.00000008 0.000005
Appplication Frequency/Adult Soil Ingestion 0.000001 | 0.00000008 0.0001 1.7E-09 0.00001 7.7E-10 0.00000001 0.000002 0.000002 0.00000008 0.000005
Appplication Frequency/Child Soil Ingestion 0.000003 | 0.00000009 0.0003 2.9E-09 0.00002 1.9E-09 0.00000003 0.000005 0.000005 0.0000001 0.00001
¢ Constituent Concentration/Tilling Depth 0.00003 0.0000005 0.0003 8.5E-09 0.00003 2.3E-09 0.00000002 0.00001 0.000002 0.0000001 0.0003
Constituent Concentration/Adult Soil Ingestion 0.00003 0.0000003 0.0003 8.5E-09 0.00003 2.3E-09 0.00000002 0.00001 0.000002 0.0000001 0.0003
n Constituent Concentration/Child Soil Ingestion 0.00006 | 0.00000036 0.0006 1.4E-08 0.00006 5.6E-09 0.00000005 0.00002 0.000005 0.0000002 0.0009
w Tilling Depth/Adult Soil Ingestion 0.0000008 | 0.00000007 | 0.00006 1.1E-09 0.00001 4.7E-10 0.000000009 0.000002 0.000001 0.00000005 0.000003
Tilling Depth/Child Soil Ingestion 0.000001 | 0.00000007 0.0001 1.8E-09 0.00002 1.2E-09 0.00000002 0.000003 0.000003 0.0000001 0.000007
Adult Soil Ingestion/Child Sail Ingestion 0.000001 | 0.00000005 0.0001 1.8E-09 0.00001 1.1E-09 0.00000002 0.000003 0.000003 0.0000001 0.000007
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Table H1-7c Adult Resident Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

||Parameters Set to High-end Nickel Silver Thallium | Arsenic Barium | Beryllium Boron Cadmium |Chromium VI Cobalt Vanadium

Central Tendency 0.00000001 | 0.00000000006 | 0.000001 | 5.8E-12 | 0.0000001 | 5.5E-12 | 0.0000000002 | 0.00000002 | 0.00000003 | 0.0000000008 | 0.00000006

Single High-end Parameter
Long Exposure 0.00000001 | 0.00000000005 | 0.000001 | 5.6E-11 | 0.0000001 | 5.2E-11 | 0.0000000002 | 0.00000002 | 0.00000003 | 0.000000001 | 0.00000006
Application Rate 0.00000002 | 0.0000000001 | 0.000002 | 9.4E-12 | 0.0000002 | 8.8E-12 | 0.0000000003 | 0.00000003 | 0.00000005 | 0.000000001 | 0.0000001
Application Frequency 0.00000002 | 0.0000000001 | 0.000002 | 9.5E-12 | 0.0000002 | 9.1E-12 | 0.0000000003 | 0.00000003 | 0.00000005 | 0.000000001 | 0.0000001
Constituent Concentration 0.0000004 | 0.0000000004 | 0.000005 | 4.7E-11 | 0.0000004 | 2.7E-11 | 0.0000000005 | 0.0000001 | 0.00000005 | 0.000000002 0.000008
Tilling Depth 0.00000001 | 0.00000000009 | 0.000001 | 5.8E-12 | 0.0000001 | 5.6E-12 | 0.0000000002 | 0.00000002 | 0.00000003 | 0.000000001 | 0.00000006
Adult Soil Ingestion 0.00000003 | 0.0000000001 | 0.000002 | 1.3E-11 | 0.0000003 | 1.2E-11 | 0.0000000004 | 0.00000004 | 0.00000006 | 0.000000002 | 0.0000001

Double High-end Parameters
Application Rate/Long Exposure 0.00000002 | 0.00000000009 | 0.000002 | 9.1E-11 | 0.0000002 | 8.4E-11 | 0.0000000003 | 0.00000003 | 0.00000005 | 0.000000001 | 0.00000009
Application Frequency/Long Exposure 0.00000002 | 0.00000000009 | 0.000002 | 9.3E-11 | 0.0000002 | 8.7E-11 | 0.0000000003 | 0.00000003 | 0.00000005 | 0.000000001 | 0.0000001
Constituent Concentration/Long Exposure 0.0000004 | 0.0000000003 | 0.000005 | 4.5E-10 | 0.0000004 | 2.6E-10 | 0.0000000004 | 0.0000001 | 0.00000005 | 0.000000002 0.000008
Tilling Depth/Long Exposure 0.00000001 | 0.00000000008 | 0.000001 | 5.6E-11 | 0.0000001 | 5.4E-11 | 0.0000000002 | 0.00000002 | 0.00000003 | 0.000000001 | 0.00000006
Adult Soil Ingestion/Long Exposure 0.00000003 | 0.0000000001 | 0.000002 | 1.2E-10 | 0.0000002 | 1.2E-10 | 0.0000000004 | 0.00000004 | 0.00000006 | 0.000000002 | 0.0000001
Appplication Rate/Application Frequency 0.00000003 | 0.0000000002 | 0.000003 | 1.6E-11 | 0.0000003 | 1.5E-11 | 0.0000000005 | 0.00000005| 0.00000008 | 0.000000002 | 0.0000002
Appplication Rate/Constituent Concentration 0.0000007 | 0.0000000006 | 0.000008 | 7.7E-11 | 0.0000006 | 4.4E-11 | 0.0000000008 | 0.0000002 | 0.00000008 | 0.000000003 0.00001
Appplication Rate/Tilling Depth 0.00000002 | 0.0000000001 | 0.000002 | 9.5E-12 | 0.0000002 | 8.9E-12 | 0.0000000004 | 0.00000003 | 0.00000005 | 0.000000001 | 0.0000001
Application Rate/Adult Soil Ingestion 0.00000005 | 0.0000000002 | 0.000004 | 2.1E-11 | 0.0000004 | 1.9E-11 | 0.0000000007 | 0.00000007 | 0.0000001 0.000000003 | 0.0000002
Appplication Frequency/Constituent Concentration 0.0000007 | 0.0000000006 | 0.000008 | 7.7E-11 | 0.0000007 | 4.5E-11 | 0.0000000007 | 0.0000002 | 0.00000008 | 0.000000003 0.00001
Appplication Frequency/Tilling Depth 0.00000002 | 0.0000000001 | 0.000002 | 9.6E-12 | 0.0000002 | 9.2E-12 | 0.0000000003 | 0.00000003 | 0.00000005 | 0.000000001 | 0.0000001
Application Frequency/Adult Soil Ingestion 0.00000005 | 0.0000000002 | 0.000004 | 2.1E-11 | 0.0000004 | 2.0E-11 | 0.0000000007 | 0.00000007 | 0.0000001 0.000000003 | 0.0000002
Constituent Concentration/Tilling Depth 0.0000005 | 0.0000000006 | 0.000005 | 4.7E-11 | 0.0000005 | 2.8E-11 | 0.0000000005 | 0.0000002 | 0.00000005 | 0.000000002 0.000008
Constituent Concentration/Adult Soil Ingestion 0.000001 | 0.0000000008 | 0.00001 | 1.0E-10 | 0.0000009 | 6.0E-11 | 0.000000001 | 0.0000003 | 0.0000001 0.000000005 0.00002
Tilling Depth/Adult Soil Ingestion 0.00000003 | 0.0000000002 | 0.000002 | 1.3E-11 | 0.0000003 | 1.2E-11 | 0.0000000005 | 0.00000005| 0.00000006 | 0.000000002 | 0.0000001
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Table H1-7d Home Gardener Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

[lParameters Set to High-end Nickel Silver Thallium | Arsenic| Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Central Tendency 0.00000003 | 0.000000001 | 0.000001 | 1.6E-11| 0.0000009 | 8.2E-12 | 0.0000000002 | 0.0000003 | 0.00000004 | 0.000000002 | 0.00000008
Single High-end Parameter

Long Exposure 0.00000003 | 0.000000001 | 0.000001 | 1.6E-10 | 0.0000009 | 7.9E-11 | 0.0000000002 | 0.0000003 | 0.00000004 | 0.000000001 | 0.00000008
Exposed Veg. Intake 0.00000007 | 0.000000004 | 0.000002 | 3.6E-11 | 0.000003 | 1.4E-11 | 0.0000000002 | 0.000001 | 0.00000006 | 0.000000003 | 0.0000001
Root Veg.Intake 0.00000003 | 0.000000001 | 0.000001 | 1.8E-11| 0.000001 | 8.6E-12 | 0.0000000002 | 0.0000004 | 0.00000005 | 0.000000002 | 0.00000009
Fruit Intake 0.00000009 | 0.000000005 | 0.000002 | 4.5E-11 | 0.000003 | 1.6E-11 | 0.0000000002 | 0.000001 | 0.00000008 | 0.000000004 | 0.0000001
Application Rate 0.00000005 | 0.000000002 | 0.000002 | 2.7E-11| 0.000002 | 1.3E-11 | 0.0000000003 | 0.0000006 | 0.00000007 | 0.000000002 | 0.0000001
Application Frequency 0.00000005 | 0.000000002 | 0.000002 | 2.7E-11 | 0.000002 | 1.4E-11 | 0.0000000003 | 0.0000006 | 0.00000007 | 0.000000002 | 0.0000001
Constituent Concentration 0.000001 0.000000009 | 0.000006 | 1.3E-10 | 0.000003 | 4.1E-11 | 0.0000000005 | 0.000002 | 0.00000007 | 0.000000004 0.00001

Tilling Depth 0.00000003 | 0.000000002 | 0.000001 | 1.6E-11| 0.000001 | 8.3E-12 | 0.0000000002 | 0.0000003 | 0.00000004 | 0.000000002 | 0.00000008
Adult Soil Ingestion 0.00000005 | 0.000000001 | 0.000002 | 2.3E-11| 0.000001 | 1.5E-11 | 0.0000000004 | 0.0000004 | 0.00000007 | 0.000000003 | 0.0000001

Double High-end Parameters

Exposed Veg. Intake/Long Exposure 0.00000007 | 0.000000003 | 0.000002 | 3.5E-10 | 0.000003 | 1.3E-10 | 0.0000000002 | 0.000001 | 0.00000006 | 0.000000003 | 0.0000001
Root Veg. Intake/Long Exposure 0.00000003 | 0.000000001 | 0.000001 | 1.8E-10| 0.000001 | 8.2E-11 | 0.0000000002 | 0.0000004 | 0.00000005 | 0.000000001 | 0.00000009
Fruit Intake/Long Exposure 0.00000009 | 0.000000004 | 0.000002 | 4.3E-10| 0.000003 | 1.5E-10 | 0.0000000002 | 0.000001 | 0.00000008 | 0.000000004 | 0.0000001
Application Rate/Long Exposure 0.00000005 | 0.000000002 | 0.000002 | 2.6E-10 | 0.000001 | 1.3E-10 | 0.0000000003 | 0.0000006 | 0.00000007 | 0.000000002 | 0.0000001
Application Frequency/Long Exposure 0.00000005 | 0.000000002 | 0.000002 | 2.6E-10 | 0.000002 | 1.3E-10 | 0.0000000003 | 0.0000006 | 0.00000007 | 0.000000002 | 0.0000001
Constituent Concentration/Long Exposure 0.000001 0.000000008 | 0.000006 | 1.3E-09 | 0.000003 | 3.9E-10 | 0.0000000004 | 0.000002 | 0.00000007 | 0.000000004 0.00001

Tilling Depth/Long Exposure 0.00000003 | 0.000000002 | 0.000001 | 1.6E-10| 0.000001 | 8.0E-11 | 0.0000000002 | 0.0000003 | 0.00000004 | 0.000000001 | 0.00000008
Adult Soil Ingestion/Long Exposure 0.00000005 | 0.000000001 | 0.000002 | 2.2E-10 | 0.000001 | 1.4E-10 | 0.0000000004 | 0.0000004 | 0.00000007 | 0.000000003 | 0.0000001
Exposed Veg. Intake/Root Veg. Intake 0.00000008 | 0.000000004 | 0.000002 | 3.8E-11| 0.000003 | 1.4E-11 | 0.0000000002 | 0.000001 | 0.00000006 | 0.000000003 | 0.0000001
Exposed Veg. Intake/Fruit Intake 0.0000001 | 0.000000007 | 0.000002 | 6.5E-11| 0.000005 | 2.1E-11 | 0.0000000002 | 0.000002 | 0.00000009 | 0.000000006 | 0.0000002
Exposed Veg. Intake/Application Rate 0.0000001 | 0.000000005 | 0.000003 | 5.9E-11| 0.000004 | 2.2E-11 | 0.0000000003 | 0.000001 | 0.0000001 | 0.000000005 | 0.0000002
Exposed Veg. Intake/Application Frequency 0.0000001 | 0.000000005 | 0.000003 | 6.0E-11| 0.000004 | 2.2E-11 | 0.0000000003 | 0.000001 0.0000001 | 0.000000005 | 0.0000002
Exposed Veg. Intake/Constituent Concentration 0.000003 0.00000003 | 0.000008 | 2.9E-10 | 0.000009 | 6.7E-11 | 0.0000000005 | 0.000007 | 0.0000001 | 0.000000008 0.00001

Exposed Veg. Intake/Tilling Depth 0.00000007 | 0.000000005 | 0.000002 | 3.7E-11 | 0.000003 | 1.4E-11 | 0.0000000002 | 0.000001 | 0.00000007 | 0.000000003 | 0.0000001
Exposed Veg. Intake/Adult Soil Ingestion 0.00000009 | 0.000000004 | 0.000003 | 4.3E-11| 0.000003 | 2.0E-11 | 0.0000000004 | 0.000001 | 0.00000009 | 0.000000004 | 0.0000002
Root Veg. Intake/Fruit Intake 0.00000009 | 0.000000005 | 0.000002 | 4.7E-11 | 0.000004 | 1.6E-11 | 0.0000000002 | 0.000001 | 0.00000008 | 0.000000004 | 0.0000001
Root Veg. Intake/Application Rate 0.00000006 | 0.000000002 | 0.000002 | 3.0E-11| 0.000002 | 1.4E-11 | 0.0000000003 | 0.0000006 | 0.00000008 | 0.000000002 | 0.0000002
Root Veg. Intake/Application Frequency 0.00000006 | 0.000000002 | 0.000002 | 3.0E-11| 0.000002 | 1.4E-11 | 0.0000000003 | 0.0000006 | 0.00000008 | 0.000000002 | 0.0000002
Root Veg. Intake/Constituent Concentration 0.000001 0.00000001 | 0.000006 | 1.5E-10 | 0.000004 | 4.3E-11 | 0.0000000005 | 0.000003 | 0.00000008 | 0.000000004 0.00001

Root Veg. Intake/Tilling Depth 0.00000003 | 0.000000002 | 0.000001 | 1.9E-11| 0.000001 | 8.7E-12 | 0.0000000002 | 0.0000004 | 0.00000005 | 0.000000002 | 0.00000009
Root Veg. Intake/Adult Soil Ingestion 0.00000005 | 0.000000002 | 0.000002 | 2.5E-11| 0.000001 | 1.5E-11 | 0.0000000004 | 0.0000004 | 0.00000008 | 0.000000003 | 0.0000001
Fruit Intake/Application Rate 0.0000001 | 0.000000007 | 0.000003 | 7.3E-11| 0.000005 | 2.5E-11 | 0.0000000003 | 0.000002 0.0000001 | 0.000000006 | 0.0000002
Fruit Intake/Application Frequency 0.0000001 | 0.000000007 | 0.000003 | 7.4E-11| 0.000006 | 2.6E-11 | 0.0000000003 | 0.000002 | 0.0000001 | 0.000000006 | 0.0000002
Fruit Intake/Constituent Concentration 0.000003 0.00000003 | 0.000008 | 3.7E-10 | 0.00001 7.9E-11 | 0.0000000005 | 0.000009 0.0000001 0.00000001 0.00002

Fruit Intake/Tilling Depth 0.00000009 | 0.000000007 | 0.000002 | 4.5E-11 | 0.000005 | 1.6E-11 | 0.0000000002 | 0.000001 | 0.00000008 | 0.000000004 | 0.0000001
Fruit Intake/Adult Soil Ingestion 0.0000001 | 0.000000005 | 0.000003 | 5.2E-11| 0.000004 | 2.2E-11 | 0.0000000004 | 0.000001 0.0000001 | 0.000000005 | 0.0000002
Appplication Rate/Application Frequency 0.00000008 | 0.000000003 | 0.000004 | 4.4E-11| 0.000002 | 2.2E-11 | 0.0000000005 | 0.0000009 | 0.0000001 | 0.000000004 | 0.0000003
Appplication Rate/Constituent Concentration 0.000002 0.00000001 0.00001 | 2.2E-10 | 0.000006 | 6.5E-11 | 0.0000000008 | 0.000003 0.0000001 | 0.000000006 0.00001

Appplication Rate/Tilling Depth 0.00000005 | 0.000000003 | 0.000002 | 2.7E-11| 0.000002 | 1.3E-11 | 0.0000000004 | 0.0000006 | 0.00000007 | 0.000000002 | 0.0000001
Application Rate/Adult Soil Intake 0.00000008 | 0.000000002 | 0.000004 | 3.8E-11 | 0.000002 | 2.4E-11 | 0.0000000007 | 0.0000006 | 0.0000001 | 0.000000004 | 0.0000002
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Table H1-7d Home Gardener Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

Parameters Set to High-end Nickel Silver Thallium | Arsenic| Barium | Beryllium Boron Cadmium | Chromium VI Cobalt Vanadium
Appplication Frequency/Constituent Concentration 0.000002 0.00000001 0.00001 | 2.2E-10 | 0.000006 | 6.8E-11 | 0.0000000007 | 0.000004 0.0000001 | 0.000000006 0.00001
Appplication Frequency/Tilling Depth 0.00000005 | 0.000000003 | 0.000002 | 2.7E-11| 0.000002 | 1.4E-11 | 0.0000000003 | 0.0000007 | 0.00000007 | 0.000000002 0.0000001
Application Frequency/Adult Soil Ingestion 0.00000008 | 0.000000002 | 0.000004 | 3.8E-11| 0.000002 | 2.5E-11 | 0.0000000007 | 0.0000006 | 0.0000001 | 0.000000004 | 0.0000002
Constituent Concentration/Tilling Depth 0.000001 0.00000001 0.000006 | 1.3E-10 | 0.000004 | 4.1E-11 | 0.0000000005 | 0.000003 0.00000007 | 0.000000004 0.00001
Constiuent Concentration/Adult Soil Ingestion 0.000002 0.000000009 | 0.00001 | 1.9E-10| 0.000004 | 7.4E-11 | 0.000000001 | 0.000002 0.0000001 | 0.000000007 0.00002
Tilling Depth/Adult Soil Ingestion 0.00000005 | 0.000000002 | 0.000002 | 2.3E-11| 0.000001 | 1.5E-11 | 0.0000000005 | 0.0000004 | 0.00000007 | 0.000000003 | 0.0000001
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Table H1-7e Fisher Individual Risk from All Ingestion Pathways for FBC Wastes Applied as Agricultural Soil Amendment

[Parameters Set to High-end Nickel Thallium Arsenic | Beryllium | Cadmium Chromium VI
Central Tendency 0.00000000001 0.00000009 6.1E-14 1.5E-13 | 0.000000003 0.0000000001
Single High-end Parameter

Long Exposure 0.00000000001 0.00000009 5.9E-13 1.4E-12 | 0.000000003 0.0000000001
Fish Intake 0.00000000008 0.0000006 3.9E-13 9.4E-13 0.00000002 0.0000000009
Application Rate 0.00000000002 0.0000001 1.0E-13 2.4E-13 | 0.000000004 0.0000000002
Application Frequency 0.00000000002 0.0000002 1.0E-13 2.4E-13 | 0.000000005 0.0000000002
Constituent Concentration 0.0000000004 0.0000004 5.0E-13 7.3E-13 0.00000002 0.0000000002
Tilling Depth 0.00000000001 0.00000009 6.2E-14 1.5E-13 | 0.000000003 0.0000000001
Double High-end Parameters
Fish Intake/Long Exposure 0.00000000008 0.0000006 3.8E-12 9.0E-12 0.00000002 0.0000000008
Application Rate/Long Exposure 0.00000000002 0.0000001 9.6E-13 2.3E-12 | 0.000000004 0.0000000002
Application Frequency/Long Exposure 0.00000000002 0.0000001 9.8E-13 2.3E-12 | 0.000000004 0.0000000002
Constituent Con./Long Exposure 0.0000000004 0.0000004 4.8E-12 7.0E-12 0.00000002 0.0000000002
Tilling Depth/Long Exposure 0.00000000001 0.00000009 5.9E-13 1.4E-12 | 0.000000003 0.0000000001
Fish Intake/Application Rate 0.0000000001 0.0000009 6.4E-13 1.5E-12 0.00000003 0.000000001
Fish Intake/Application Frequency 0.0000000001 0.000001 6.4E-13 1.6E-12 0.00000003 0.000000001
Fish Intake/Constituent Concentration 0.000000003 0.000003 3.2E-12 4.7E-12 0.0000001 0.000000001
Fish Intake/Tilling Depth 0.00000000008 0.0000006 3.9E-13 9.5E-13 0.00000002 0.0000000009
Appplication Rate/Application Frequency 0.00000000003 0.0000002 1.7E-13 3.9E-13 | 0.000000007 0.0000000004
Appplication Rate/Constituent Concentration 0.0000000007 0.0000007 8.2E-13 1.2E-12 0.00000003 0.0000000004
Appplication Rate/Tilling Depth 0.00000000002 0.0000001 1.0E-13 2.4E-13 | 0.000000005 0.0000000002
Appplication Frequency/Constituent Concentration 0.0000000007 0.0000007 8.2E-13 1.2E-12 0.00000003 0.0000000004
Appplication Frequency/Tilling Depth 0.00000000002 0.0000002 1.0E-13 2.5E-13 | 0.000000005 0.0000000002
Constituent Concentration/Tilling Depth 0.0000000005 0.0000004 5.0E-13 7.4E-13 0.00000002 0.0000000002
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Table H2-1a Farmer Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Arsenic Barium Beryllium Boron Cadmium | Chromium VI
Central Tendency 2.9E-09 1.5E-08 0.002 4.1E-09 0.00001 2.1E-09 1.4E-07
Single High-end Parameter

Long Exposure 1.2E-08 6.0E-08 0.002 1.6E-08 0.00001 8.6E-09 5.8E-07
Constituent Conc. 7.5E-09 1.3E-07 0.02 7.6E-09 0.00003 8.6E-09 7.1E-07
Meteorological Location 2.5E-09 1.3E-08 0.002 3.4E-09 0.000009 | 1.8E-09 1.2E-07
Distance To Receptor 1.1E-08 5.4E-08 0.008 1.5E-08 0.00004 7.7E-09 5.2E-07
WMU Area 1.4E-08 7.4E-08 0.01 2.0E-08 0.00005 1.0E-08 7.0E-07
Double High-end Parameters
Constituent Conc./Long Exposure 3.0E-08 5.4E-07 0.02 3.0E-08 0.00003 3.4E-08 2.8E-06
Meteorological Location/Long Exposure 9.8E-09 5.1E-08 0.002 1.4E-08 0.000009 | 7.2E-09 4.9E-07
Distance to Receptor/Long Exposure 4.2E-08 2.2E-07 0.008 5.9E-08 0.00004 3.1E-08 2.1E-06
WMU Area/Long Exposure 5.7E-08 2.9E-07 0.01 8.0E-08 0.00005 4.2E-08 2.8E-06
Waste Concentration/ Meteorological Location 6.4E-09 1.1E-07 0.02 6.4E-09 0.00003 7.3E-09 6.0E-07
Waste Concentration/ Distance to Receptor 2.7E-08 4.9E-07 0.09 2.7E-08 0.0001 3.1E-08 2.6E-06
Waste Concentration/ WMU Area 3.7E-08 6.6E-07 0.1 3.7E-08 0.0002 4.2E-08 3.5E-06
Meteorological Location/Distance to Receptor 8.6E-09 4.5E-08 0.007 1.2E-08 0.00003 6.4E-09 4.3E-07
Meteorological Location/WMU Area 1.3E-08 6.6E-08 0.01 1.8E-08 0.00005 9.4E-09 6.3E-07
Distance to Receptor/WMU Area 5.2E-08 2.7E-07 0.04 7.2E-08 0.0002 3.8E-08 2.6E-06
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Table H2-1b Child of Farmer Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Arsenic Barium Beryllium Boron Cadmium | Chromium VI
Central Tendency 2.1E-09 1.1E-08 0.002 3.0E-09 0.00001 1.6E-09 1.1E-07
Single High-end Parameter

Long Exposure 5.3E-09 2.7E-08 0.002 7.4E-09 0.00001 3.9E-09 2.6E-07
Constituent Conc. 5.5E-09 9.9E-08 0.02 5.6E-09 0.00003 6.3E-09 5.2E-07
Meteorological Location 1.8E-09 9.4E-09 0.002 2.5E-09 0.000009 1.3E-09 9.0E-08
Distance To Receptor 7.7E-09 4.0E-08 0.008 1.1E-08 0.00004 5.7E-09 3.8E-07
WMU Area 1.0E-08 5.4E-08 0.01 1.5E-08 0.00005 7.7E-09 5.2E-07
Double High-end Parameters
Constituent Conc./Long Exposure 1.4E-08 2.4E-07 0.02 1.4E-08 0.00003 1.6E-08 1.3E-06
Meteorological Location/Long Exposure 4.5E-09 2.3E-08 0.002 6.2E-09 0.000009 3.3E-09 2.2E-07
Distance to Receptor/Long Exposure 1.9E-08 9.9E-08 0.008 2.7E-08 0.00004 1.4E-08 9.5E-07
WMU Area/Long Exposure 2.6E-08 1.3E-07 0.01 3.6E-08 0.00005 1.9E-08 1.3E-06
Waste Concentration/ Meteorological Location 4.7E-09 8.3E-08 0.02 4.7E-09 0.00003 5.4E-09 4.4E-07
Waste Concentration/ Distance to Receptor 2.0E-08 3.6E-07 0.09 2.0E-08 0.0001 2.3E-08 1.9E-06
Waste Concentration/ WMU Area 2.7E-08 4.8E-07 0.1 2.7E-08 0.0002 3.1E-08 2.5E-06
Meteorological Location/Distance to Receptor 6.4E-09 3.3E-08 0.007 8.9E-09 0.00003 4.7E-09 3.2E-07
Meteorological Location/WMU Area 9.4E-09 4.9E-08 0.01 1.3E-08 0.00005 6.9E-09 4.7E-07
Distance to Receptor/WMU Area 3.8E-08 2.0E-07 0.04 5.3E-08 0.0002 2.8E-08 1.9E-06
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Table H2-1c Adult Resident and Home Gardener Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in an Onsite

Landfill
||Parameters Set to High-end Nickel | Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 9.6E-10 | 5.0E-09 0.002 1.3E-09 0.00001 7.1E-10 4.8E-08
Single High-end Parameter
Long Exposure 9.4E-09 | 4.9E-08 0.002 1.3E-08 0.00001 6.9E-09 4.7E-07
Constituent Conc. 2.5E-09 | 4.4E-08 0.02 2.5E-09 0.00003 2.8E-09 2.3E-07
Meteorological Location 8.1E-10 | 4.2E-09 0.002 1.1E-09 0.000009 6.0E-10 4.0E-08
Distance To Receptor 3.5E-09 | 1.8E-08 0.008 4.9E-09 0.00004 2.6E-09 1.7E-07
WMU Area 4.7E-09 | 2.4E-08 0.01 6.6E-09 0.00005 3.5E-09 2.3E-07
Double High-end Parameters
Constituent Conc./Long Exposure 2.4E-08 | 4.3E-07 0.02 2.5E-08 0.00003 2.8E-08 2.3E-06
Meteorological Location/Long Exposure 7.9E-09 | 4.1E-08 0.002 1.1E-08 0.000009 5.9E-09 3.9E-07
Distance to Receptor/Long Exposure 3.4E-08 | 1.8E-07 0.008 4.8E-08 0.00004 2.5E-08 1.7E-06
WMU Area/Long Exposure 4.6E-08 | 2.4E-07 0.01 6.4E-08 0.00005 3.4E-08 2.3E-06
Waste Concentration/ Meteorological Location 2.1E-09 | 3.7E-08 0.02 2.1E-09 0.00003 2.4E-09 2.0E-07
Waste Concentration/ Distance to Receptor 9.0E-09 | 1.6E-07 0.09 9.1E-09 0.0001 1.0E-08 8.4E-07
Waste Concentration/ WMU Area 1.2E-08 | 2.2E-07 0.1 1.2E-08 0.0002 1.4E-08 1.1E-06
Meteorological Location/Distance to Receptor 2.8E-09 | 1.5E-08 0.007 4.0E-09 0.00003 2.1E-09 1.4E-07
Meteorological Location/WMU Area 4.2E-09 | 2.2E-08 0.01 5.9E-09 0.00005 3.1E-09 2.1E-07
Distance to Receptor/WMU Area 1.7E-08 | 8.8E-08 0.04 2.4E-08 0.0002 1.3E-08 8.5E-07
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Table H2-2a Farmer Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in Dewatered Surface Impoundment

9/17/99

||Parameters Set to High-end Nickel | Arsenic| Barium | Beryllium Boron Cadmium Chromium VI
Central Tendency 1.89E-09 | 1E-08 | 0.001 | 2.65E-09 | 0.000007 | 1.4E-09 9.4E-08
Single High-end Parameter

Long Exposure 7.57E-09 | 4E-08 | 0.001 | 1.06E-08 | 0.000007 | 5.6E-09 3.8E-07
Constituent Conc. 4,91E-09 | 9E-08 0.02 | 4.95E-09 | 0.00002 5.6E-09 4.6E-07
Meteorological Location 9.05E-09 | 5E-08 | 0.007 | 1.27E-08 | 0.00003 6.7E-09 4.5E-07
Distance To Receptor 5.49E-09 | 3E-08 | 0.004 | 7.7E-09 | 0.00002 4.1E-09 2.7E-07
WMU Area 4.03E-09 | 2E-08 | 0.003 | 5.65E-09 | 0.00001 3.0E-09 2.0E-07
Double High-end Parameters
Constituent Conc./Long Exposure 1.96E-08 | 3E-07 0.02 1.98E-08 | 0.00002 2.2E-08 1.8E-06
Meteorological Location/Long Exposure 3.62E-08 | 2E-07 | 0.007 | 5.07E-08 | 0.00003 2.7E-08 1.8E-06
Distance to Receptor/Long Exposure 2.2E-08 | 1E-07 | 0.004 | 3.08E-08 | 0.00002 1.6E-08 1.1E-06
WMU Area/Long Exposure 1.61E-08 | 8E-08 | 0.003 | 2.26E-08 | 0.00001 1.2E-08 8.0E-07
Waste Concentration/ Meteorological Location 2.35E-08 | 4E-07 0.08 2.37E-08 | 0.0001 2.7E-08 2.2E-06
Waste Concentration/ Distance to Receptor 1.42E-08 | 3E-07 0.05 1.44E-08 | 0.00006 1.6E-08 1.3E-06
Waste Concentration/ WMU Area 1.04E-08 | 2E-07 0.03 1.05E-08 | 0.00004 1.2E-08 9.8E-07
Meteorological Location/Distance to Receptor 2.59E-08 | 1E-07 0.02 3.63E-08 | 0.00009 1.9E-08 1.3E-06
Meteorological Location/WMU Area 1.93E-08 | 1E-07 0.02 2.71E-08 | 0.00007 1.4E-08 9.6E-07
Distance to Receptor/WMU Area 8.32E-09 | 4E-08 | 0.007 | 1.17E-08 | 0.00003 6.1E-09 4.1E-07
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Table H2-2b Child of Farmer Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in Dewatered Surface

Impoundment
||Parameters Set to High-end Nickel | Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 1.4E-09 | 7.2E-09 0.001 2.0E-09 0.000007 1.0E-09 6.9E-08
Single High-end Parameter
Long Exposure 3.4E-09| 1.8E-08 0.001 4.8E-09 0.000007 2.5E-09 1.7E-07
Constituent Conc. 3.6E-09 | 6.4E-08 0.02 3.6E-09 0.00002 4.1E-09 3.4E-07
Meteorological Location 6.7E-09 | 3.5E-08 0.007 9.3E-09 0.00003 4.9E-09 3.3E-07
Distance To Receptor 4.0E-09| 2.1E-08 0.004 5.7E-09 0.00002 3.0E-09 2.0E-07
WMU Area 3.0E-09| 1.5E-08 0.003 4.2E-09 0.00001 2.2E-09 1.5E-07
Double High-end Parameters
Constituent Conc./Long Exposure 8.9E-09 | 1.6E-07 0.02 9.0E-09 0.00002 1.0E-08 8.4E-07
Meteorological Location/Long Exposure 1.6E-08 | 8.5E-08 0.007 2.3E-08 0.00003 1.2E-08 8.2E-07
Distance to Receptor/Long Exposure 1.0E-08| 5.2E-08 0.004 1.4E-08 0.00002 7.3E-09 4.9E-07
WMU Area/Long Exposure 7.3E-09 | 3.8E-08 0.003 1.0E-08 0.00001 5.4E-09 3.6E-07
Waste Concentration/ Meteorological Location 1.7E-08| 3.1E-07 0.08 1.7E-08 0.0001 2.0E-08 1.6E-06
Waste Concentration/ Distance to Receptor 1.0E-08| 1.9E-07 0.05 1.1E-08 0.00006 1.2E-08 9.8E-07
Waste Concentration/ WMU Area 7.7E-09 | 1.4E-07 0.03 7.7E-09 0.00004 8.8E-09 7.2E-07
Meteorological Location/Distance to Receptor 1.9E-08| 9.9E-08 0.02 2.7E-08 0.00009 1.4E-08 9.5E-07
Meteorological Location/WMU Area 1.4E-08| 7.4E-08 0.02 2.0E-08 0.00007 1.0E-08 7.1E-07
Distance to Receptor/WMU Area 6.1E-09 | 3.2E-08 0.007 8.6E-09 0.00003 4.5E-09 3.0E-07
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Table H2-2c Adult Resident and Home Gardener Individual Risk from Inhalation for Utility Coal Co-managed Wastes Managed in
Dewatered Surface Impoundment

9/17/99

||Parameters Set to High-end Nickel Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 6.2E-10 | 3.2E-09 0.001 8.8E-10 | 0.000007 | 4.6E-10 3.1E-08
Single High-end Parameter

Long Exposure 6.1E-09 | 3.2E-08 0.001 8.6E-09 | 0.000007 | 4.5E-09 3.0E-07
Constituent Conc. 1.6E-09 | 2.9E-08 0.02 1.6E-09 0.00002 1.9E-09 1.5E-07
Meteorological Location 3.0E-09 | 1.5E-08 0.007 4.2E-09 0.00003 2.2E-09 1.5E-07
Distance To Receptor 1.8E-09 | 9.4E-09 0.004 2.5E-09 0.00002 1.3E-09 9.0E-08
WMU Area 1.3E-09 | 6.9E-09 0.003 1.9E-09 0.00001 9.8E-10 6.6E-08
Double High-end Parameters
Constituent Conc./Long Exposure 1.6E-08 | 2.8E-07 0.02 1.6E-08 0.00002 1.8E-08 1.5E-06
Meteorological Location/Long Exposure 2.9E-08 | 1.5E-07 0.007 4.1E-08 0.00003 2.2E-08 1.5E-06
Distance to Receptor/Long Exposure 1.8E-08 | 9.2E-08 0.004 2.5E-08 0.00002 1.3E-08 8.8E-07
WMU Area/Long Exposure 1.3E-08 | 6.7E-08 0.003 1.8E-08 0.00001 9.6E-09 6.5E-07
Waste Concentration/ Meteorological Location 7.7E-09 | 1.4E-07 0.08 7.8E-09 0.0001 8.9E-09 7.3E-07
Waste Concentration/ Distance to Receptor 4,7E-09 | 8.4E-08 0.05 4.7E-09 0.00006 5.4E-09 4.4E-07
Waste Concentration/ WMU Area 3.4E-09 | 6.1E-08 0.03 3.5E-09 0.00004 3.9E-09 3.2E-07
Meteorological Location/Distance to Receptor 8.6E-09 | 4.4E-08 0.02 1.2E-08 0.00009 6.3E-09 4.3E-07
Meteorological Location/WMU Area 6.4E-09 | 3.3E-08 0.02 8.9E-09 0.00007 4.7E-09 3.2E-07
Distance to Receptor/WMU Area 2.7E-09 | 1.4E-08 0.007 3.8E-09 0.00003 2.0E-09 1.4E-07
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Table H2-3a Farmer Individual Risk from Inhalation for Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Arsenic Barium Boron Cadmium Chromium VI
Central Tendency 9.5E-09 | 4.1E-10 | 0.00002 |0.0000003| 5.8E-11 2.3E-08
Single High-end Parameter

Long Exposure 3.8E-08| 1.6E-09 | 0.00002 |0.0000003| 2.3E-10 9.4E-08
Constituent Conc. 2.8E-08 | 2.2E-08 | 0.00007 |0.0000003| 2.2E-10 7.0E-08
Meteorological Location 8.0E-09 | 3.2E-10 | 0.00001 |0.0000003| 3.0E-11 2.0E-08
Distance To Receptor 6.9E-08 | 2.8E-09 0.0001 | 0.000002 | 2.6E-10 1.7E-07
WMU Area 1.1E-07 | 8.8E-08 | 0.00007 |0.0000003| 8.7E-10 2.8E-07
Double High-end Parameters
Constituent Conc./Long Exposure 3.2E-08 | 1.3E-09 | 0.00001 |0.0000003| 1.2E-10 7.9E-08
Meteorological Location/Long Exposure 2.8E-07 | 1.1E-08 0.0001 | 0.000002 1.0E-09 6.8E-07
Distance to Receptor/Long Exposure 2.4E-08 | 1.8E-08 | 0.00006 |0.0000003| 1.8E-10 5.9E-08
WMU Area/Long Exposure 2.0E-07 | 1.6E-07 0.0005 | 0.000002 1.6E-09 5.1E-07
Waste Concentration/ Meteorological Location 9.5E-09 | 4.1E-10 | 0.00002 |0.0000003| 5.8E-11 2.3E-08
Waste Concentration/ Distance to Receptor 8.0E-09 | 3.2E-10 | 0.00001 |0.0000003| 3.0E-11 2.0E-08
Waste Concentration/ WMU Area 6.9E-08 | 2.8E-09 0.0001 | 0.000002 | 2.6E-10 1.7E-07
Meteorological Location/Distance to Receptor 8.0E-09 | 3.2E-10 | 0.00001 |0.0000003| 3.0E-11 2.0E-08
Meteorological Location/WMU Area 6.9E-08 | 2.8E-09 0.0001 | 0.000002 2.6E-10 1.7E-07
Distance to Receptor/WMU Area 5.9E-08 | 2.4E-09 0.0001 | 0.000002 2.2E-10 1.5E-07
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Table H2-3b Child of Farmer Individual Risk from Inhalation for Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel Arsenic Barium Boron Cadmium Chromium VI
Central Tendency 7.0E-09 3.0E-10 | 0.00002 | 0.0000003 | 4.3E-11 1.7E-08
Single High-end Parameter

Long Exposure 1.7E-08 7.5E-10 | 0.00002 | 0.0000003 | 1.0E-10 4.3E-08
Constituent Conc. 2.1E-08 1.6E-08 | 0.00007 | 0.0000003 | 1.6E-10 5.2E-08
Meteorological Location 5.9E-09 2.4E-10 | 0.00001 | 0.0000003 | 2.2E-11 1.4E-08
Distance To Receptor 5.1E-08 2.0E-09 0.0001 | 0.000002 1.9E-10 1.3E-07
WMU Area 5.1E-08 4.0E-08 | 0.00007 | 0.0000003| 3.9E-10 1.3E-07
Double High-end Parameters
Constituent Conc./Long Exposure 1.4E-08 5.8E-10 | 0.00001 | 0.0000003 | 5.5E-11 3.6E-08
Meteorological Location/Long Exposure 1.3E-07 5.0E-09 0.0001 | 0.000002 4.7E-10 3.1E-07
Distance to Receptor/Long Exposure 1.7E-08 1.4E-08 | 0.00006 | 0.0000003| 1.3E-10 4.3E-08
WMU Area/Long Exposure 1.5E-07 1.2E-07 0.0005 | 0.000002 1.2E-09 3.7E-07
Waste Concentration/ Meteorological Location 7.0E-09 3.0E-10 | 0.00002 | 0.0000003 | 4.3E-11 1.7E-08
Waste Concentration/ Distance to Receptor 5.9E-09 2.4E-10 | 0.00001 | 0.0000003 | 2.2E-11 1.4E-08
Waste Concentration/ WMU Area 5.1E-08 2.0E-09 0.0001 | 0.000002 1.9E-10 1.3E-07
Meteorological Location/Distance to Receptor 5.9E-09 2.4E-10 | 0.00001 | 0.0000003 | 2.2E-11 1.4E-08
Meteorological Location/WMU Area 5.1E-08 2.0E-09 0.0001 | 0.000002 1.9E-10 1.3E-07
Distance to Receptor/WMU Area 4.3E-08 1.7E-09 0.0001 | 0.000002 1.6E-10 1.1E-07
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Table H2-3c Adult Resident and Home Gardener Individual Risk from Inhalation for Utility Oil Co-Managed Wastes Managed in an Onsite Landfill

9/17/99

||Parameters Set to High-end Nickel Arsenic Barium Boron Cadmium Chromium VI
Central Tendency 3.1E-09 | 1.4E-10 | 0.00002 | 0.0000003 1.9E-11 7.7E-09
Single High-end Parameter

Long Exposure 3.1E-08 | 1.3E-09 | 0.00002 | 0.0000003 | 1.9E-10 7.6E-08
Constituent Conc. 9.3E-09 | 7.3E-09 | 0.00007 | 0.0000003 | 7.2E-11 2.3E-08
Meteorological Location 2.6E-09 | 1.1E-10 | 0.00001 | 0.0000003 | 9.9E-12 6.5E-09
Distance To Receptor 2.3E-08 | 9.2E-10 | 0.0001 | 0.000002 8.6E-11 5.6E-08
WMU Area 9.1E-08 | 7.1E-08 | 0.00007 | 0.0000003 | 7.0E-10 2.3E-07
Double High-end Parameters
Constituent Conc./Long Exposure 2.6E-08 | 1.0E-09 | 0.00001 | 0.0000003 | 9.7E-11 6.4E-08
Meteorological Location/Long Exposure 2.2E-07 | 9.0E-09 | 0.0001 0.000002 8.4E-10 5.5E-07
Distance to Receptor/Long Exposure 7.8E-09 | 6.1E-09 | 0.00006 | 0.0000003 | 6.0E-11 1.9E-08
WMU Area/Long Exposure 6.8E-08 | 5.3E-08 | 0.0005 | 0.000002 5.2E-10 1.7E-07
Waste Concentration/ Meteorological Location 3.1E-09 | 1.4E-10 | 0.00002 | 0.0000003 1.9E-11 7.7E-09
Waste Concentration/ Distance to Receptor 2.6E-09 | 1.1E-10 | 0.00001 | 0.0000003 | 9.9E-12 6.5E-09
Waste Concentration/ WMU Area 2.3E-08 | 9.2E-10 | 0.0001 | 0.000002 8.6E-11 5.6E-08
Meteorological Location/Distance to Receptor 2.6E-09 | 1.1E-10 | 0.00001 | 0.0000003 | 9.9E-12 6.5E-09
Meteorological Location/WMU Area 2.3E-08 | 9.2E-10 | 0.0001 0.000002 8.6E-11 5.6E-08
Distance to Receptor/WMU Area 1.9E-08 | 7.8E-10 | 0.0001 0.000002 7.3E-11 4.8E-08
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Table H2-4a Farmer Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel | Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 5.2E-11 | 2.7E-10 | 0.00004 7.3E-11 0.0000002 3.8E-11 2.6E-09
Single High-end Parameter

Long Exposure 1.6E-10 | 8.0E-10 | 0.00004 2.2E-10 0.0000002 1.1E-10 7.7E-09
Constituent Conc. 1.3E-10 | 2.4E-09 0.0004 1.4E-10 0.0000006 1.5E-10 1.3E-08
Meteorological Location 4.4E-11 | 2.3E-10 | 0.00003 6.2E-11 0.0000002 3.3E-11 2.2E-09
Distance To Receptor 4.0E-10 | 2.1E-09 0.0003 5.6E-10 0.000001 2.9E-10 2.0E-08
WMU Area 49E-10 | 2.6E-09 0.0004 6.9E-10 0.000002 3.6E-10 2.4E-08
Double High-end Parameters
Constituent Conc./Long Exposure 4.0E-10 | 7.2E-09 0.0004 4.1E-10 0.0000006 4.6E-10 3.8E-08
Meteorological Location/Long Exposure 1.3E-10 | 6.9E-10 | 0.00003 1.9E-10 0.0000002 9.8E-11 6.6E-09
Distance to Receptor/Long Exposure 1.2E-09 | 6.2E-09 0.0003 1.7E-09 0.000001 8.8E-10 5.9E-08
WMU Areal/Long Exposure 1.5E-09 | 7.7E-09 0.0004 2.1E-09 0.000002 1.1E-09 7.3E-08
Waste Concentration/ Meteorological Location 1.1E-10 | 2.0E-09 0.0004 1.2E-10 0.0000005 1.3E-10 1.1E-08
Waste Concentration/ Distance to Receptor 1.0E-09 | 1.8E-08 0.003 1.0E-09 0.000004 1.2E-09 9.7E-08
Waste Concentration/ WMU Area 1.3E-09 | 2.3E-08 0.004 1.3E-09 0.000005 1.5E-09 1.2E-07
Meteorological Location/Distance to Receptor 3.5E-10 | 1.8E-09 0.0003 4.9E-10 0.000001 2.6E-10 1.7E-08
Meteorological Location/WMU Area 3.9E-10 | 2.0E-09 0.0003 5.4E-10 0.000001 2.9E-10 1.9E-08
Distance to Receptor/WMU Area 2.8E-09 | 1.4E-08 0.002 3.9E-09 0.00001 2.0E-09 1.4E-07
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Table H2-4b Child of Farmer Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in an Onsite Landfill

||Parameters Set to High-end Nickel | Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 3.8E-11 | 2.0E-10 | 0.00004 5.3E-11 0.0000002 2.8E-11 1.9E-09
Single High-end Parameter

Long Exposure 9.4E-11 | 4.9E-10 | 0.00004 1.3E-10 0.0000002 6.9E-11 4.7E-09
Constituent Conc. 9.9E-11 | 1.8E-09 0.0004 9.9E-11 0.0000006 1.1E-10 9.3E-09
Meteorological Location 3.2E-11 | 1.7E-10 | 0.00003 4.6E-11 0.0000002 2.4E-11 1.6E-09
Distance To Receptor 2.9E-10 | 1.5E-09 0.0003 4.1E-10 0.000001 2.2E-10 1.5E-08
WMU Area 3.6E-10 | 1.9E-09 0.0004 5.1E-10 0.000002 2.7E-10 1.8E-08
Double High-end Parameters
Constituent Conc./Long Exposure 2.4E-10 | 4.3E-09 0.0004 2.5E-10 0.0000006 2.8E-10 2.3E-08
Meteorological Location/Long Exposure 8.0E-11 | 4.2E-10 | 0.00003 1.1E-10 0.0000002 5.9E-11 4.0E-09
Distance to Receptor/Long Exposure 7.2E-10 | 3.7E-09 0.0003 1.0E-09 0.000001 5.3E-10 3.6E-08
WMU Area/Long Exposure 8.9E-10 | 4.6E-09 0.0004 1.3E-09 0.000002 6.6E-10 4.4E-08
Waste Concentration/ Meteorological Location 8.4E-11 | 1.5E-09 0.0004 8.5E-11 0.0000005 9.6E-11 7.9E-09
Waste Concentration/ Distance to Receptor 7.6E-10 | 1.4E-08 0.003 7.7E-10 0.000004 8.7E-10 7.1E-08
Waste Concentration/ WMU Area 9.4E-10 | 1.7E-08 0.004 9.5E-10 0.000005 1.1E-09 8.8E-08
Meteorological Location/Distance to Receptor 2.6E-10 | 1.3E-09 0.0003 3.6E-10 0.000001 1.9E-10 1.3E-08
Meteorological Location/WMU Area 2.9E-10 | 1.5E-09 0.0003 4.0E-10 0.000001 2.1E-10 1.4E-08
Distance to Receptor/WMU Area 2.0E-09 | 1.1E-08 0.002 2.8E-09 0.00001 1.5E-09 1.0E-07
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Table H2-4c Adult Resident and Home Gardener Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in an
Onsite Landfill

||Parameters Set to High-end Nickel Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 1.7E-11 8.9E-11 | 0.00004 2.4E-11 0.0000002 1.3E-11 8.5E-10
Single High-end Parameter

Long Exposure 1.6E-10 8.0E-10 | 0.00004 2.2E-10 0.0000002 1.1E-10 7.7E-09
Constituent Conc. 4.4E-11 7.9E-10 0.0004 45E-11 0.0000006 5.1E-11 4.2E-09
Meteorological Location 1.5E-11 7.6E-11 | 0.00003 2.0E-11 0.0000002 1.1E-11 7.2E-10
Distance To Receptor 1.3E-10 6.8E-10 0.0003 1.8E-10 0.000001 9.7E-11 6.5E-09
WMU Area 1.6E-10 8.4E-10 0.0004 2.3E-10 0.000002 1.2E-10 8.1E-09
Double High-end Parameters
Constituent Conc./Long Exposure 4.0E-10 7.2E-09 0.0004 4.1E-10 0.0000006 4.6E-10 3.8E-08
Meteorological Location/Long Exposure 1.3E-10 6.9E-10 | 0.00003 1.9E-10 0.0000002 9.8E-11 6.6E-09
Distance to Receptor/Long Exposure 1.2E-09 6.2E-09 0.0003 1.7E-09 0.000001 8.8E-10 5.9E-08
WMU Areal/Long Exposure 1.5E-09 7.7E-09 0.0004 2.1E-09 0.000002 1.1E-09 7.3E-08
Waste Concentration/ Meteorological Location 3.8E-11 6.7E-10 0.0004 3.8E-11 0.0000005 4.3E-11 3.5E-09
Waste Concentration/ Distance to Receptor 3.4E-10 6.1E-09 0.003 3.4E-10 0.000004 3.9E-10 3.2E-08
Waste Concentration/ WMU Area 4.2E-10 7.5E-09 0.004 4.2E-10 0.000005 4.8E-10 4.0E-08
Meteorological Location/Distance to Receptor 1.2E-10 6.0E-10 0.0003 1.6E-10 0.000001 8.5E-11 5.7E-09
Meteorological Location/WMU Area 1.3E-10 6.6E-10 0.0003 1.8E-10 0.000001 9.5E-11 6.4E-09
Distance to Receptor/WMU Area 9.1E-10 4.7E-09 0.002 1.3E-09 0.00001 6.7E-10 4.5E-08
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Table H2-5a Farmer Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

||Parameters Set to High-end Nickel | Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 9.5E-11 | 4.9E-10 | 0.00007 1.3E-10 0.0000003 7.0E-11 4.7E-09
Single High-end Parameter

Long Exposure 3.8E-10 | 2.0E-09 | 0.00007 5.3E-10 0.0000003 2.8E-10 1.9E-08
Constituent Conc. 2.5E-10 | 4.4E-09 0.0008 2.5E-10 0.000001 2.8E-10 2.3E-08
Meteorological Location 8.4E-11 | 4.3E-10 | 0.00007 1.2E-10 0.0000003 6.2E-11 4.2E-09
Distance To Receptor 49E-10 | 2.6E-09 0.0004 6.9E-10 0.000002 3.6E-10 2.5E-08
WMU Area 9.2E-10 | 4.8E-09 0.0007 1.3E-09 0.000003 6.8E-10 4.6E-08
Double High-end Parameters
Constituent Conc./Long Exposure 9.9E-10 | 1.8E-08 0.0008 1.0E-09 0.000001 1.1E-09 9.3E-08
Meteorological Location/Long Exposure 3.4E-10 | 1.7E-09 | 0.00007 4.7E-10 0.0000003 2.5E-10 1.7E-08
Distance to Receptor/Long Exposure 2.0E-09 | 1.0E-08 0.0004 2.8E-09 0.000002 1.5E-09 9.8E-08
WMU Area/Long Exposure 3.7E-09 | 1.9E-08 0.0007 5.2E-09 0.000003 2.7E-09 1.8E-07
Waste Concentration/ Meteorological Location 2.2E-10 | 3.9E-09 0.0007 2.2E-10 0.0000009 2.5E-10 2.0E-08
Waste Concentration/ Distance to Receptor 1.3E-09 | 2.3E-08 0.004 1.3E-09 0.000005 1.5E-09 1.2E-07
Waste Concentration/ WMU Area 2.4E-09 | 4.3E-08 0.008 2.4E-09 0.00001 2.7E-09 2.2E-07
Meteorological Location/Distance to Receptor 4.6E-10 | 2.4E-09 0.0004 6.4E-10 0.000002 3.4E-10 2.3E-08
Meteorological Location/WMU Area 8.4E-10 | 4.3E-09 0.0007 1.2E-09 0.000003 6.2E-10 4.1E-08
Distance to Receptor/WMU Area 3.0E-09 | 1.6E-08 0.002 4.2E-09 0.00001 2.2E-09 1.5E-07
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Table H2-5b Child of Farmer Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

||Parameters Set to High-end Nickel Arsenic | Barium Beryllium Boron Cadmium Chromium VI
Central Tendency 7.0E-11 3.6E-10 | 0.00007 9.8E-11 0.0000003 5.2E-11 3.5E-09
Single High-end Parameter

Long Exposure 1.7E-10 8.9E-10 | 0.00007 2.4E-10 0.0000003 1.3E-10 8.6E-09
Constituent Conc. 1.8E-10 3.2E-09 0.0008 1.8E-10 0.000001 2.1E-10 1.7E-08
Meteorological Location 6.2E-11 3.2E-10 | 0.00007 8.6E-11 0.0000003 45E-11 3.1E-09
Distance To Receptor 3.6E-10 1.9E-09 0.0004 5.1E-10 0.000002 2.7E-10 1.8E-08
WMU Area 6.8E-10 3.5E-09 0.0007 9.5E-10 0.000003 5.0E-10 3.4E-08
Double High-end Parameters
Constituent Conc./Long Exposure 4.5E-10 8.0E-09 0.0008 4.5E-10 0.000001 5.1E-10 4.2E-08
Meteorological Location/Long Exposure 1.5E-10 7.9E-10 | 0.00007 2.1E-10 0.0000003 1.1E-10 7.6E-09
Distance to Receptor/Long Exposure 9.0E-10 4.6E-09 0.0004 1.3E-09 0.000002 6.6E-10 4.5E-08
WMU Areal/Long Exposure 1.7E-09 8.7E-09 0.0007 2.3E-09 0.000003 1.2E-09 8.3E-08
Waste Concentration/ Meteorological Location 1.6E-10 2.8E-09 0.0007 1.6E-10 0.0000009 1.8E-10 1.5E-08
Waste Concentration/ Distance to Receptor 9.4E-10 1.7E-08 0.004 9.5E-10 0.000005 1.1E-09 8.8E-08
Waste Concentration/ WMU Area 1.8E-09 3.1E-08 0.008 1.8E-09 0.00001 2.0E-09 1.7E-07
Meteorological Location/Distance to Receptor 3.4E-10 1.7E-09 0.0004 4.7E-10 0.000002 2.5E-10 1.7E-08
Meteorological Location/WMU Area 6.1E-10 3.2E-09 0.0007 8.6E-10 0.000003 4.5E-10 3.0E-08
Distance to Receptor/WMU Area 2.2E-09 1.2E-08 0.002 3.1E-09 0.00001 1.6E-09 1.1E-07
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Table H2-5¢ Adult Resident and Home Gardener Individual Risk from Inhalation for Non-utility Coal Co-managed Wastes Managed in Offsite Landfill

||Parameters Set to High-end Nickel | Arsenic | Barium | Beryllium Boron Cadmium Chromium VI
Central Tendency 3.1E-11 | 1.6E-10 | 0.00007 | 4.4E-11 | 0.0000003 2.3E-11 1.6E-09
Single High-end Parameter

Long Exposure 3.1E-10 | 1.6E-09 | 0.00007 | 4.3E-10 | 0.0000003 2.3E-10 1.5E-08
Constituent Conc. 8.1E-11 | 1.5E-09 0.0008 8.2E-11 | 0.000001 9.3E-11 7.6E-09
Meteorological Location 2.8E-11| 1.4E-10 | 0.00007 | 3.9E-11 | 0.0000003 2.0E-11 1.4E-09
Distance To Receptor 1.6E-10 | 8.5E-10 0.0004 2.3E-10 | 0.000002 1.2E-10 8.1E-09
WMU Area 3.0E-10 | 1.6E-09 0.0007 4.3E-10 | 0.000003 2.2E-10 1.5E-08
Double High-end Parameters
Constituent Conc./Long Exposure 8.0E-10 | 1.4E-08 0.0008 8.0E-10 0.000001 9.1E-10 7.5E-08
Meteorological Location/Long Exposure 2.7E-10 | 1.4E-09 | 0.00007 | 3.8E-10 | 0.0000003 2.0E-10 1.3E-08
Distance to Receptor/Long Exposure 1.6E-09 | 8.3E-09 0.0004 2.2E-09 0.000002 1.2E-09 7.9E-08
WMU Area/Long Exposure 3.0E-09 | 1.5E-08 0.0007 4.2E-09 | 0.000003 2.2E-09 1.5E-07
Waste Concentration/ Meteorological Location 7.2E-11 | 1.3E-09 0.0007 7.2E-11 | 0.0000009 8.2E-11 6.7E-09
Waste Concentration/ Distance to Receptor 4.2E-10 | 7.5E-09 0.004 4.3E-10 0.000005 4.8E-10 4.0E-08
Waste Concentration/ WMU Area 7.9E-10 | 1.4E-08 0.008 8.0E-10 0.00001 9.0E-10 7.4E-08
Meteorological Location/Distance to Receptor 1.5E-10 | 7.8E-10 0.0004 2.1E-10 0.000002 1.1E-10 7.5E-09
Meteorological Location/WMU Area 2.8E-10 | 1.4E-09 0.0007 3.9E-10 0.000003 2.0E-10 1.4E-08
Distance to Receptor/WMU Area 1.0E-09 | 5.2E-09 0.002 1.4E-09 0.00001 7.4E-10 5.0E-08
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Table H2-6a Farmer Individual Risk from Inhalation for FBC Wastes Managed in Onsite Landfill

||Parameters Set to High-end Nickel Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI
Central Tendency 5.7E-10 | 8.6E-09 | 0.0004 7.1E-10 0.000001 1.9E-10 6.4E-08
Single High-end Parameter

Long Exposure 2.3E-09 | 3.5E-08 | 0.0004 2.8E-09 0.000001 7.6E-10 2.5E-07
Constituent Conc. 2.0E-08 | 7.0E-08 0.001 3.5E-09 0.000003 1.4E-09 1.0E-07
Meteorological Location 4 7E-10 | 7.2E-09 | 0.0003 5.8E-10 0.000001 1.6E-10 5.3E-08
Distance To Receptor 2.2E-09 | 3.4E-08 0.002 2.8E-09 0.000005 7.5E-10 2.5E-07
WMU Area 1.4E-09 | 2.1E-08 0.001 1.7E-09 0.000003 4.6E-10 1.5E-07
Double High-end Parameters
Constituent Conc./Long Exposure 7.8E-08 | 2.8E-07 0.001 1.4E-08 0.000003 5.5E-09 4.1E-07
Meteorological Location/Long Exposure 1.9E-09 | 2.9E-08 | 0.0003 2.3E-09 0.000001 6.3E-10 2.1E-07
Distance to Receptor/Long Exposure 8.9E-09 | 1.4E-07 0.002 1.1E-08 0.000005 3.0E-09 1.0E-06
WMU Area/Long Exposure 5.5E-09 | 8.3E-08 0.001 6.8E-09 0.000003 1.8E-09 6.1E-07
Waste Concentration/ Meteorological Location 1.6E-08 | 5.8E-08 0.001 2.9E-09 0.000002 1.1E-09 8.5E-08
Waste Concentration/ Distance to Receptor 7.7E-08 | 2.8E-07 0.006 1.4E-08 0.00001 5.4E-09 4.1E-07
Waste Concentration/ WMU Area 4.7E-08 | 1.7E-07 0.004 8.4E-09 0.000007 3.3E-09 2.5E-07
Meteorological Location/Distance to Receptor 2.0E-09 | 3.0E-08 0.001 2.4E-09 0.000004 6.6E-10 2.2E-07
Meteorological Location/WMU Area 1.2E-09 | 1.8E-08 | 0.0008 1.5E-09 0.000002 3.9E-10 1.3E-07
Distance to Receptor/WMU Area 5.0E-09 | 7.6E-08 0.004 6.2E-09 0.00001 1.7E-09 5.6E-07
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Table H2-6b Child of Farmer Individual Risk from Inhalation for FBC Wastes Managed in Onsite Landfill

||Parameters Set to High-end Nickel | Arsenic | Barium | Beryllium Boron Cadmium Chromium VI
Central Tendency 4.2E-10| 6.4E-09 0.0004 5.2E-10 0.000001 1.4E-10 4.7E-08
Single High-end Parameter

Long Exposure 1.0E-09| 1.6E-08 | 0.0004 1.3E-09 0.000001 3.5E-10 1.2E-07
Constituent Conc. 1.4E-08 | 5.2E-08 0.001 2.6E-09 0.000003 1.0E-09 7.6E-08
Meteorological Location 3.5E-10| 5.3E-09 0.0003 4.3E-10 0.000001 1.2E-10 3.9E-08
Distance To Receptor 1.6E-09 | 2.5E-08 0.002 2.0E-09 0.000005 5.5E-10 1.8E-07
WMU Area 1.0E-09 | 1.5E-08 0.001 1.2E-09 0.000003 3.4E-10 1.1E-07
Double High-end Parameters
Constituent Conc./Long Exposure 3.6E-08 | 1.3E-07 0.001 6.4E-09 0.000003 2.5E-09 1.9E-07
Meteorological Location/Long Exposure 8.5E-10| 1.3E-08 0.0003 1.1E-09 0.000001 2.9E-10 9.6E-08
Distance to Receptor/Long Exposure 4.0E-09| 6.1E-08 0.002 5.0E-09 0.000005 1.4E-09 4.5E-07
WMU Areal/Long Exposure 2.5E-09| 3.8E-08 0.001 3.1E-09 0.000003 8.3E-10 2.8E-07
Waste Concentration/ Meteorological Location 1.2E-08| 4.3E-08 0.001 2.1E-09 0.000002 8.4E-10 6.3E-08
Waste Concentration/ Distance to Receptor 5.7E-08 | 2.0E-07 0.006 1.0E-08 0.00001 4.0E-09 3.0E-07
Waste Concentration/ WMU Area 3.5E-08| 1.2E-07 0.004 6.2E-09 0.000007 2.5E-09 1.8E-07
Meteorological Location/Distance to Receptor 1.4E-09| 2.2E-08 0.001 1.8E-09 0.000004 4.9E-10 1.6E-07
Meteorological Location/WMU Area 8.6E-10| 1.3E-08 0.0008 1.1E-09 0.000002 2.9E-10 9.6E-08
Distance to Receptor/WMU Area 3.7E-09| 5.6E-08 0.004 4.5E-09 0.00001 1.2E-09 4.1E-07
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Table H2-6¢ Adult Resident and Home Gardener Individual Risk from Inhalation for FBC Wastes Managed in Onsite Landfill

||Parameters Set to High-end Nickel Arsenic | Barium | Beryllium Boron Cadmium | Chromium VI
Central Tendency 1.9E-10 2.9E-09 0.0004 2.3E-10 | 0.000001 6.3E-11 2.1E-08
Single High-end Parameter

Long Exposure 1.8E-09 2.8E-08 0.0004 2.3E-09 | 0.000001 6.2E-10 2.1E-07
Constituent Conc. 6.5E-09 2.3E-08 0.001 1.2E-09 | 0.000003 4.6E-10 3.4E-08
Meteorological Location 1.6E-10 2.4E-09 0.0003 1.9E-10 | 0.000001 5.2E-11 1.7E-08
Distance To Receptor 7.4E-10 1.1E-08 0.002 9.1E-10 | 0.000005 2.5E-10 8.3E-08
WMU Area 4.5E-10 6.9E-09 0.001 5.6E-10 | 0.000003 1.5E-10 5.1E-08
Double High-end Parameters
Constituent Conc./Long Exposure 6.3E-08 2.3E-07 0.001 1.1E-08 | 0.000003 4.5E-09 3.3E-07
Meteorological Location/Long Exposure 1.5E-09 2.3E-08 0.0003 1.9E-09 | 0.000001 5.1E-10 1.7E-07
Distance to Receptor/Long Exposure 7.2E-09 1.1E-07 0.002 8.9E-09 | 0.000005 2.4E-09 8.1E-07
WMU Areal/Long Exposure 4.4E-09 6.7E-08 0.001 5.5E-09 | 0.000003 1.5E-09 5.0E-07
Waste Concentration/ Meteorological Location 5.3E-09 1.9E-08 0.001 9.6E-10 | 0.000002 3.8E-10 2.8E-08
Waste Concentration/ Distance to Receptor 2.5E-08 9.1E-08 0.006 4.5E-09 0.00001 1.8E-09 1.3E-07
Waste Concentration/ WMU Area 1.6E-08 5.6E-08 0.004 2.8E-09 | 0.000007 1.1E-09 8.2E-08
Meteorological Location/Distance to Receptor 6.5E-10 9.9E-09 0.001 8.1E-10 | 0.000004 2.2E-10 7.3E-08
Meteorological Location/WMU Area 3.9E-10 5.9E-09 0.0008 4.8E-10 | 0.000002 1.3E-10 4.3E-08
Distance to Receptor/WMU Area 1.6E-09 2.5E-08 0.004 2.0E-09 0.00001 5.5E-10 1.8E-07
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Appendix |

Ecotoxicological Profilesfor
Constituents of Concern
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Ecotoxicological Profile for Ecological Receptors
Antimony

This ecotoxicological profile on antimony contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of antimony so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Antimony and its compounds are naturaly present in the

, ; C  Antimony is characterized by f
earth’ s crust. Releases to the environment result from FIAOrY 1S crigracienzed by four

oxidation gtates (-3, 0, +3, and +5).

weathering, volcanic exhalations, sea spray, forest fires, and C  Inoxidizing environments, Sb(OH),
biogenic sources, as well as from anthropogenic activities. is the dominant species for pH

Anthropogenic sources include metal smelting and refining, . ‘éﬂ (“Oi?r??ggzgnm?ﬁam coccics
3

under relatively reducing conditions.

coal-fired power plants, and refuse incineration.

The speciation and physicochemical state of antimony are

important in assessing its behavior in the environment and its availability to biota. Antimony is
characterized by four oxidation states (-3, 0, +3, and +5). Trivaent antimony (Sb**) and Sb** are
the stable oxidation states in agueous solutions. Most of the Sb>* compounds are soluble (EPRI,
1984).

Antimony forms complex ions with both organic and inorganic acids. One of the best known
organic complexesis antimony potassium tartrate (CsH,K,04,,Sb,3H,0). Antimony in the form of
Sh* or Sb® does not exist in solution, rather it occurs as hydrolyzed forms (e.g., Sb(OH)¢). The
dominant speciesin the pH range typica of environmenta conditions are Sb(OH); and Sb(OH).
In oxidizing environments, Sb(OH), is the dominant species for pH values greater than 3, whereas
Sb(OH); is the dominant species under relatively reducing conditions. In the presence of sulfur,
stable complexes such as Sh,S,> may form.

II. Geochemistry of Antimony in Various Ecological Media

Antimony in Soils

Antimony occursin soils and rocksin very low concentrations. The typical range in soilsisfrom
less then 1 to 8.8 parts per million (ppm), with a mean concentration of 0.48 ppm. Thisisthe third
lowest of 50 elements surveyed by the U.S. Geological Survey.

Little is known about the adsorption potentia of antimony in soil. Some studies suggest that
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antimony isfairly mobile under diverse environmental
conditions, whereas others suggest that it is strongly

adsorbed to soil (ATSDR, 1992). The studies suggesting that
antimony is strongly adsorbed to soils, ascited in ATSDR
(1992), were conducted using specific antimony species.

The resultant conclusions may be species- and
system-conditional, and as a consequence, their relevance to
natural soil environmentsis uncertain.

Since antimony has an anionic character (e.g., Sb(OH)g), it is
not expected to have a great affinity for organic carbon or for
the negatively-charged substrates typical of alkaline
environments. Furthermore, it is not expected that cation

Antimony - 3

Antimony is characterized by low
concentrations in sails.

Studies describing adsorption of
antimony to soil substrates are
contradictory.

The anionic character of antimony
suggests that it would not be highly
sorbed under akaline or oxidizing
conditions, and as a consequence,
would be more mohile in the
environment under these
conditions.

exchange, which generally dominates adsorption reactions to clay, would be important for anionic
antimony. However, asthe pH decreases to weakly acidic conditions, adsorption reactions may
increase in importance. Antimony is known to form co-precipitates with hydrous iron, manganese,
and aluminum oxides in soils and sediment. These reactions may limit mobility in soil systems.

Antimony in Surface Water

Antimony has alow occurrence in surface waters. Ina
survey of dissolved antimony in ambient waters, performed
by the U.S. Geological Survey, only six percent of the 1,077
survey measurements exceeded the probable detection limit
of 5 parts per billion (ppb). It was determined that the
population geometric mean and the standard deviation for
these samples were 0.25 ppb and 7.16 ppb, respectively.
Thisis consistent with data reported by other researchers
for pristine conditions.

Because the concentration of antimony in natural water
systemsis so low, thereislittle available information
regarding the speciation and associated behavior of
antimony in aqueous environments. Thermodynamically,

Antimony is characterized by low
concentrations in surface waters.
Antimony is present in the
pentavalent oxidation state (Sb®*) in
oxidizing waters for the pH range
characterizing environmental
conditions. The dominant species
are reported to be Sb(OH), and
Sb(OH):°.

Trivdent antimony is the dominant
oxidation state under anaerobic
conditions. Dominant species
include Sb(OH),°, Sb(OH),", and
0,57

dissolved antimony in natural waters under aerobic conditions is expected to be present in the +5
oxidation state. At 0.001 M total antimony, the dominant species were reported as Sb(OH)g and
Sb(OH):°. Polynuclear species (Sh;,(OH)es 4 and Shy,(OH)es > may also be present in very small
guantities. Aswith all polynuclear complexes, the importance of the Sh,,(OH), species increases
asthe total antimony concentration increases (EPRI, 1984). Although trivalent antimony species
would not be expected to be important under aerobic conditions, low concentrations may be
present under aerobic conditions (ATSDR, 1992).

Trivalent antimony is expected to be the dominant oxidation state in anaerobic water. Dominant
species include Sb(OH),°, Sb(OH),, and Sh,S,*.  Antimony may be reduced and methylated by
microorganisms in anaerobic sediment, releasing volatile methylated antimony compounds into the
water.

Antimony in Sediments
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Few data are avail able on the concentration of antimony in

pristine sediments. Antimony concentrations in sediment C Sedimentsact asasink for removal of
antimony from the water column.

coIIec_ted from non-contami nated areas in Puget Sound in ¢ Antimony may be remobilized from

Washington (the site of a copper smelter) ranged from 0.3 the sediment back into the water

to 1.0 part per million (ppm). Because sediments are column.

considered to be asink for antimony, it is expected that ¢ Release of antimony is pH-dependent.
. . . . C  Antimony will likely be released asthe

concentrations in sediments would exceed those in surface pentavalent oxidation state at

water. environmental pH conditions.

C  Antimony may aso be remobilized
into the water column through
microbia reduction and methylation.

There is some evidence to suggest that the antimony found
in natural water systems is associated with particul ate
matter (ATSDR, 1992). Antimony is believed to
accumulate in sediment as a consequence of the natural
settling processes that occur when a surface water body such as ariver emptiesinto alake or bay.

Antimony deposited in sediments can be re-mobilized and released back into the water column.
Leaching experiments performed on river sediment samples from amining district in Idaho found
that the form of antimony leached from the sediments was dependent upon pH. At apH value of
2.7 (which is below the typical pH range for environmental conditions, i.e., 5 - 9), the bulk of the
antimony released was in the form of trivalent antimony (Sb**); at apH of 4.3, antimony was
measured at comparable concentrations of the trivalent and pentavalent species (Sb**); and at pH
values equal to and exceeding 6.3, the pentavalent species was dominant. Itislikely that it was
present as Sb(OH)¢ and Sh(OH)s%. Hence, the pentaval ent species of antimony is expected to be
dominant in the pH range characterizing environmental conditions. Thisis consistent with
thermodynamic predictions.

Antimony may also be re-mobilized into the water column through microbial reduction and
methylation. These reactions are most likely to occur in reducing environments, such as those
found in sedimentary deposits. The end result is the release of volatile methylated antimony
compounds into the water column.

[11. Effects Characterization for Ecological Receptors

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystem
The database on the effects of antimony to aguatic organisms is not extensive but does contain
severa studies. Studies of acute antimony exposure have yielded species mean acute values for
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Figure 1: Antimony: Effects Rangesfor Ecological Receptors

fathead minnows of 21,900 ug/L and for Daphnia magna of 18,800 ug/L. From life cycle studies
of Daphnia magna, a chronic value of 5,400 ug/L was derived (Sb,O;). A chronic, embryo-larval
stage study of the fathead minnow produced no effects at the highest test level of 7.5 pg/L, as
antimony trioxide. A similar study that tested higher concentrations of antimony trichloride,
however, yielded a chronic value of 1,600 pg/L (U.S. EPA, 1980c).

Data suggest that aguatic plants are more sensitive to antimony, at least after acute exposure, than
fish or aguatic invertebrates. 1n agae, afifty percent inhibition in photosynthesis and growth in
Selenastrum capricornutum was indicated in the range of 610 pg/L and 630 pg antimony/L,
respectively (U.S. EPA, 1980c). Acute effects to amphibians have been indicated at 0.3 mg/L
(U.S. EPA, 1996).

Terrestrial Ecosystem

Oral exposures have resulted in systemic and developmental effects. Chronic oral exposureto a
low dose of organic potassium antimony tartrate (5 ppm) shortened rat life spans (Schroeder et al.,
1970). Chronic exposures have aso had vasomotor, hematological, and hepatic effectsin rats and
guineapigs (Marmo et al., 1987; ATSDR, 1992). Acute oral exposures have resulted in vomiting,
diarrhea, kidney effects, and death. Dermal exposure has caused eye and skin irritation and some
possible neurological effects (ATSDR, 1992). For plants, Kabata-Pendias and Pendias (1992)
have phytotoxic effects observed at 5 and 10 mg/kg soil, but the type of plant and toxicity effects
are not specified. No other studies have been identified on plants and soil invertebrates.

V. Bioaccumulation Potential
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Freshwater Ecosystem

Sufficient data to determine bioconcentration factor (BCF) values for algae and aguatic
invertebrates were not identified. For fish, BCF of O (L water/kg tissue) was used. Thisis based
on whole-body measured BCFs of bluegill sunfish (Lepomis macrochirus) with 28 days of
exposure (Shb,05; Sb*") (Barrows et al., 1980). Ascited by both Stephan (1993) and Barrows et
al. (1980), concentration of antimony in bluegill sunfish did not exhibit significant increase above
that of the control. It isassumed that the bioconcentration of antimony is negligible. Although the
authors believed to antimony concentration have reached a steady-state, no other study on
bioaccumulation was identified. Additional dataidentified in the future may provide further
update.

Terrestrial Ecosystem
Sufficient data were not identified to determine bioconcentration factors (BCFs) for terrestrial
vertebrates or terrestrial invertebrates, plants, and earthworms.

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCLs) in sail, plants or surface water was developed. Since CSCL s for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aguatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals:

Rossi et a. (1987) exposed female ratsto 1.0 and 10 mg/L antimony trichloride in drinking water
from the first day of pregnancy until weaning, 22 days after delivery. Pups were then exposed to
the same doses from weaning until age 60 days. No teratogenic effects were observed, but body
weights were reduced both in mothers exposed to 10 mg/L antimony trichloride and in their pups.
Thisresulted inaNOAEL of 1.0 mg/L. Based on the average of the reported body weights for
parent rats (0.255 kg), and a daily water consumption of 0.036 L/day estimated with the allometric
equation presented above (U.S. EPA, 1988a), the 1.0 mg/L dose of antimony trichloride was
converted to adaily dose of 0.14 mg/kg-day (antimony trichloride).

The NOAEL inthe Ross et al. (1987) study was selected to derive the toxicological benchmark
because: (1) doses were administered over a chronic duration and viaoral ingestion, an
ecologically significant exposure pathway; (2) the study focused on developmental toxicity asa
critical endpoint; and (3) it contained adequate dose-response information.

Schroeder et d. (1970) exposed Long-Evans ratsto 5 ppm antimony as potassium antimony tartrate
in drinking water from weaning until natural death. A decreasein the median life span was
observed as well as abnormal serum glucose levels, suggesting a LOAEL for survival effects of 5
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ppm. Conversion of thisvalue to adaily dose in units of mg/kg-day required the use of an
allometric equation for daily water consumption for laboratory mammals (U.S. EPA, 1988a):

Water Consumption = 0.10WP-377

where W is body weight in kilograms. Using the geometric mean of the reported male and female
body weights (0.238 kg), a calculated water consumption rate of 0.035 L/day, the ppm dose was
converted to adaily dose of 0.74 mg/kg-day. In another study by Schroeder et al. (1968a), the
effects of 5 ppm of antimony potassium tartrate in drinking water were observed in Charles River
CD mice, dosed from weaning until natural death. A decrease in the median life span of females
and growth suppression in animals at 18 months of age was observed at this dose, suggesting a
LOAEL for surviva and growth effects of 5 ppm. Conversion of thisvalue to adaily dose in units
of mg/kg-day required the use of the allometric equation for daily water consumption for
laboratory mammals presented above (U.S. EPA, 19884). Using the geometric mean of the
reported female body weights (0.037 kg), a calculated water consumption rate of 0.0088 L/day, the
ppm dose was converted to adaily dose of 1.19 mg/kg-day. The studies by Schroeder et al.
(1968a) and (1970) were not selected for the derivation of a benchmark because they did not
evaluate reproductive or developmental endpoints, and only a single dose level were tested.

Birds: No subchronic or chronic studies were identified which studied the toxicity effects of orally
ingested antimony in avian species.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The draft FCV of 3.0E-02 mg/L for antimony
and developed under the NAWQC was selected as the appropriate criteriato usein thisanalysis
because no criteria were available for antimony under GLWQI work (U.S. EPA, 1988). The
GLWQI value was considered preferable to the NAWQC because: (1) the GLWQI valueis based
on the same methodology used to develop NAWQC (i.e., Stephan et a., 1985); (2) the NAWQC
data set was augmented with previoudly unavailable acute and chronic toxicity data; and (3)
Species taxa used to generate the GLWQI values are suitable for national application since they
include species and taxa found throughout the United States. But lacking the GLWQI value for
antimony, the draft NAWQC was used.

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). EPA has developed conversion factors (CFs)
to estimate probable dissolved concentrations of metalsin surface waters given atotal metal
concentration as described in 60 FR22231 (Water Quality Standards...Revision of Metals
Criteria). A CFisnot yet available for antimony. This adjustment reflects the current Agency
position on criteria development and regulatory application of metals, however, the issue of metal
biocavailability in surface waters is the topic of intensive research (e.g., Bergman and Dorward-
King, eds, 1997). Thefina surface water CSCL for antimony is presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of antimony toxicity on reproductive or developmental endpoints in amphibian species. Only one
study indicating acute effects was identified. Acute seven day exposures of antimony to
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Gastrophryne carolinensis embryos indicated 50 percent mortality at 0.3 mg antimony/L. This
value was used to devel op the acute amphibian CSCL ; however, low confidence is assigned to this
CSCL because it does not adequately present variability that could be introduced by using other
species, life stages, and exposure durations (Power et al., 1989; U.S. EPA, 1996).

Algae and Aquatic Plants: Relevant endpoints for aquatic plants focused on the ability of
plants to support higher trophic levels as well as the ability to provide habitat for other
species in the freshwater ecosystem. The benchmarks for aquatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aguatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of
freshwater algae, frequently a species of green algae (e.g., Selenastrum capricornutum). The
aquatic plant CSCL for antimony is 0.61 mg/L based on a4-day ECy, for chlorophyll A inhibition
in Selenastrum capricornutum (Suter and Tsao, 1996).

Benthic Community- The premier source of field sediment data isthe NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, criteria are developed estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long and Morgan, 1991). From the values generated, the ER-L was
selected as the sediment CSCL. These values are not NOAA standards; rather, they are used to
rank sites based on the potential for adverse ecological effects. A second criteria document
evauated for sediment criteria devel opment was the Approach to the Assessment of Sediment
Quality in Florida Coastal Waters VVolume 1- Development and Evaluation of Sediment Quality
Assessment Guidelines) (MacDonald et al., 1994) published by the Florida Department of
Environmental Protection (FDEP). The criteria developed by FDEP were also based on the
NOAA data; however, the method of derivation of the criteria was changed. FDEP calculated the
criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50" percentile of no
effects data and the 15" percentile of the low effects data. The NOAA data, used in both
documents, is based on total metal concentrations in sediments, and the toxicity endpoints were
measured on species of amphipods, arthropods, and bivalves in addition to a variety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP did not evaluate antimony in sediments; hence, the NOAA sediment criteriawas
selected.

The CSCL for antimony was derived from 13 toxicity data points for primarily low effects levels.
For the screening level analysis of antimony, the ER-L of 2.0E+00 mg antimony/kg sediment was
selected as an appropriate sediment CSCL. Based on the quality and quantity of antimony sediment
data, the degree of confidence in the ER-L value for antimony was considered low ( Long and
Morgan, 1991). The low confidence was generated by the lack of data and the uncertainty around
proposing an ER-L for marine biota and applying it to freshwater systems.

Terrestrial Plants: As presented in Efroymson et d. (1997a), phytotoxicity benchmarks were
selected by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected as the benchmark. Such LOECs applied to reductions in plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of a plant population to
sustain itself. The proposed CSCL for phytotoxic effects of antimony in soilsis 5 mg antimony/kg




Draft Report - Do not cite or quote Antimony - 9

soil, based on unspecified toxic effects on plants grown in soil containing 5 ppm antimony
(Efroymson et a., 1997a). Since the CSCL was based on asingle study reporting unspecified
effects and did not indicate the form of antimony applied to test soils or the terrestrial plant
species exposed, this benchmark study was not appropriate for CSCL development. No further
studies were identified, so no CSCLs could be developed for the terrestrial plant community.

Soil Community: No appropriate studies have been identified to derive a soil CSCLs for
antimony.
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Table 1. Antimony CSCLsin Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

tissue

Receptor CSCL Units Exposure Representative Species Reference
Pathway

Aquatic

Mammals 7.0E-01 mg/L water Food web River Otter Rossi et al., 1987
Algae and Aquatic Plants 6.1E-01 mg/L water Direct contact | Selenastrum capricornutum Suter and Tsao, 1996

Freshwater Community

Totd 3.0E-02 mg/L water Direct contact | Aquatic biota U.S. EPA, 1988

Benthic Community 2.0E+00 mg/kg sediment Direct contact | Benthos Longet al., 1991
Amphibians (acute effects) 3.0E-01 mg/L water Direct contact | Gastrophryne carolinensis Power et al., 1989; U.S. EPA, 1996
Terrestrial

Mammals 1.4E+01 mg/kg soil Food web Raccoon Rossi et al., 1987

Mammals 7.2E-01 mg/kg plant Food web Meadow vole Rossi et al., 1987

Insufficient datafor birds and soil community
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Ecotoxicological Profile for Ecological Receptors

Arsenic

This ecotoxicological profile on arsenic contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (3) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of arsenic so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be

properly interpreted.
|. Background

Arsenic (As) is a ubiquitous element which occursin the
atmosphere, in the aguatic environment, in soils and
sediments, and in organisms. Arsenic existsin naturein
the-3, 0, +3, and +5 valence states. However, in
aqueous solutions, the +3 and +5 valences are the most
important.

Natural and anthropogenic inputs vary geographicaly,
and different environments show a wide range of
concentrations. Determining typical arsenic valuesis
quite difficult, and often only a genera range of levels
(ppm, ppb, ppt) can be established. Despite these
limitations, the environmental behavior of arsenicis
clearly dependent on the physical and chemical
properties, toxicity, mobility, and biotransformation of
individual arsenic compounds. The arsenic
biogeochemical cycle can only be properly understood
in terms of the dynamic balance of biological, chemical,

Arsenic is ubiquitousin the
environment.

Arsenic exists in nature in the -3, O,
+3, and +5 valence states. However,
in agueous solutions, the +3 and +5 are
the most important.

Theoreticaly, As°* should dominate
As** a the redox potentias typica of
aerobic environments. However,
thermodynamically predicted.
As**/AS* ratios are rarely observed;
Biologically mediated reactions are
important in influencing the behavior
of arsenic in the environment.

The whole biogeochemical cycle of
arsenic can only be understood
properly in terms of the dynamic
balance of the environmental
processes of different arsenic species.

physical, and geological processes of individual arsenic species (Cullen and Reimer, 1989).

The biologica availability and physiological and toxicological effects of arsenic depend on its
chemical form. Arsenic® is much more toxic, more soluble, and more mobile than As>*. Cullen
and Reimer (1989) presented areview of the predicted environmental speciation of arsenic. At
redox potentials typical of aerobic soils and oxygenated aquatic systems, As®* should dominate
As*. Thermodynamically predicted As**/As* ratios are rarely observed, and experimental
evidence indicates that many factors influence the relative concentrations of these species.
Biologically mediated redox reactions are the most important of these factors. Crecelius et al.
(1986) suggested that a thermodynamic equilibrium between the As®* and As®* oxidation states
does not exist for natural waters; instead a steady state may be achieved. Organoarsenic

compounds are widely distributed in the environment. A review by Craig (1985) of environmental
organometallic compounds notes that the methylated form predominates. For arsenic, the synthesis
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of organoarsenic compounds requires aliving organism to be involved and organoarsenicals

originate through biomethylation.

Dissolved arsenic can occur in natural watersin both inorganic and organic forms. The inorganic
formsinclude formal oxidation states As**, arsenate, and As*, arsenite, with the primary agueous
species at natural pHs being anionic in arsenate (H,AsO, and HAsO,?) or neutral for arsenite
(AS(OH)4") (Anderson and Bruland, 1991). The location of arsenic on the periodic table directly
below phosphorus predicts analogous chemical behavior for arsenate and phosphate including
incorporation into organic molecules (Anderson and Bruland, 1991).

The speciation of arsenic in natural watersisinfluenced by a number of biogeochemical

processes. In oxygenated waters, the oxidation state +5 (arsenate) is thermodynamically stable,
but both bacteria and planktonic algae can reduce As®* to the +3 oxidation state (arsenite) evenin
the presence of dissolved oxygen (Andreae and Andreae, 1989 and references therein). This
resultsin the presence of As®* at relatively low levels (usually <10%) in most natural waters. In
addition, algae take up As®* from their environment and excrete a variable fraction of this arsenic
in the form of the methylated species, monomethylarsonic acid (MMAA), and dimethylarsinic acid,

DMAA (Andreae, 1986).

II. Geochemistry of Arsenicin Various Ecological Media

Arsenicin Soils

There isawide range of concentrations of arsenicin
soils. Yang-Chu (1994) reports arsenic concentrations
ranging from approximately 1 to 600 ppm for soils from
around the world. Bhumbla and Keefer (1994) quote
typical arsenic concentrationsin natural uncontaminated
European soils of 5to 11 ppm, but ranges of 21 to 231
ppm for Chilean soils. Arsenic levelsin soils derived
from different rock types can also show awide range in
arsenic concentrations (e.g., soils from shales and
granites up to 250 ppm, quartzites 100-200 ppm
(Bhumbla and Keefer, 1994)).

Arsenic concentrations in soilsare in
the range one up to afew hundred
ppm.

Inorganic arsenate and arsenite are
the main forms of arsenic in soils.
Both forms are subject to chemically
and biologically mediated redox and
methylation reactions.

Adsorption, dissolution, precipitation,
and volétilizetion reactions are

common.

Arsenic occurs mainly in inorganic species but can aso be bound to organic material in soils.
Inorganic species may be transformed to organoarsenic compounds by soil micro-organisms. The
forms of arsenic present depend on factors including the type and amount of sorbing compounds of

the soil, pH, and redox potential.

Arsenate, As®, and arsenite, As*, are the primary arsenic formsin soils. Both As® and As* are
subject to chemically and/or microbially mediated oxidation-reduction and methylation reactions
in soils. In addition, adsorption, dissolution, precipitation, and volatilization reactions commonly

occur. The volatile organic arsines are extremely toxic.

A number of studies have dealt with arsenic sorption on specific minerals and soils. Amorphous
iron and aluminum hydroxides (Pierce and Moore, 1982; Sakata, 1987), clay content (arsenate can
be sorbed onto clays, especialy kaolinite and montmorillonite) (Frost and Griffen, 1977; Elkhatib
et a., 1984), redox potential, and pH (Pierce and Moore, 1980, 1982; Sakata, 1987; Elkhatib et
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al., 1984) are particularly important for arsenic sorption. Methylated arsenic oxyacids can be
produced by avariety of microorganisms, and their presence has been reported in awide range of

soils and sediments (Masscheleyn et a., 1991).

Masscheleyn et a. (1991) determined that the solubility and speciation of arsenic in soilsis
governed mainly by redox potential and pH . From their experiments, these workers concluded
that qualitatively, arsenic speciation changes according to thermodynamic predictions. Under
oxidizing conditions, As® is the predominant species (65-98%) and arsenic solubility islow. At
high pH (akaline conditions) or under reducing conditions As* is reduced to As** which
mobilizes arsenic. Under moderately reducing conditions (0-100 mV), arsenic solubility is
controlled by the dissolution of iron oxyhydroxides. Arsenic is coprecipitated (as As®*) with the
oxyhydroxides and rel eased upon solubilization. The slow kinetics of the As™* - As®
transformation means that a considerable amount of thermodynamically unstable As®* speciesis
observed under reducing conditions. This slow transformation rate and the release of high
concentrations of manganese (Mn) upon reduction make the precipitation of a Mn-As phase

possible.

Arsenic in Surface Waters

The concentration of arsenic in fresh water
exhibits considerable variation with both the
geology of the drainage area and the extent

of anthropogenic input. Dissolved arsenic
concentrations in some European and North
and South American rivers show a geometric
mean concentration of 1.4 ppb, with alarge
range, approximately 0.1 to 75 ppb (Andreae
et a., 1983; Andreae and Froelich, 1984).
Geothermal waters have high levels of
dissolved arsenic (e.g. 1275 ppb in Old
Faithful, Y ellowstone National Park)

Surface water arsenic concentrations

are typicaly in the ppb range of levels

(<110 100 pph).

In surface waters, arsenic is present primarily as
arsenate. Arsenite and organo-arsenic species
(mainly MMAA and DMAA) can also exist;
The association of arsenic with SPM and sediments
is an important factor influencing the
biogeochemistry of arsenic.

Biomethylation can aso be an important factor
influencing the behavior of arsenic in fresh water
environments.

(Stauffer and Thompson, 1984), but freshwater 1akes can also reach these values. A survey of
total arsenic concentrations in rivers and lakes, mostly in California, showed a very wide range of
concentrations (lakes, 6.9-230,000 nM; rivers, 8.9-99 nM) (Anderson and Bruland, 1991).

Arsenic in surface watersis present primarily as an inorganic ion, arsenate. In addition, arsenite
and methyl arsenicals, monomethylarsonic acid (MMAA) and dimethylarsinic acid (DMAA), may
be present (Sanders, 1985; Anderson and Bruland, 1991).

Chunguo and Zihui (1988) showed that As®* was the predominant species in the water of the
Xiangjiang River (China). The main speciesin the sediments of the river were aluminum arsenate,
iron arsenate, and calcium arsenate. Lesser species were soluble inorganic arsenic, organic
arsenic, and iron-occluded arsenic. Arsenic is mainly transported by suspended solids, and
arsenic in suspended solids and sediments was ~2000 times that in river water. Arsenic species
are combined with iron, manganese, and aluminum compounds (Sakata, 1987; Brannon and
Patrick, 1987; Mok and Wai, 1989, 1990). Sorption of arsenic species by organic matter and

humic acidsis also possible.

Mok and Wai (1990) determined the distribution and speciation of inorganic arsenic in the Coeur
d Alene River system (Idaho). Arsenic™ was the predominant speciesin an uncontaminated part
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of the river system, whereas As®* dominated sections of the river contaminated with mining
wastes. Sediments from uncontaminated sections of the river had low arsenic concentrations (~10
ppm) compared with sediments from contaminated areas (~100-200 ppm). In addition, Mok and
Wai determined that interaction between water and contaminated sediments was likely to be a
major factor controlling the distribution of arsenic species within the system.

Mok and Wai (1994) reviewed the role of sedimentsin controlling arsenic distributionin
freshwater. Inariver, arsenic is bound predominantly to sediments. Arsenicin sedimentsis
derived mainly from solids suspended in the overlying water. Consequently, the mobilization of
arsenic is closely related to its interaction with sediments. Adsorption, desorption, redox
potential, and biological transformations influence arsenic mobility during sediment-water
interactions and are partly responsible for controlling arsenic concentrationsin river waters.
Arsenic is deposited on sediments mainly as manganese and iron hydroxides. The arsenate-
arsenite profile with depth in porewaters is governed by the redox profile and by the presence of
sulfide. Arsenate and arsenite differ in adsorption characteristics. Arsenic® isless mobile than
As* because the As** is adsorbed to a greater extent than the As** (Pierce and Moore, 1982).
Arsenic® is also coprecipitated with hydroxides.

All the lakes sampled by Anderson and Bruland (1991) had measurable concentrations of
methylated arsenic (equivalent to 1 to 59% total As), with the exception of one highly akaline
lake. The four riversthey studied had non-detectable concentrations of DMAA and MMAA.
Neither depleted phosphate concentrations nor high dissolved salts correlated with the appearance
of methylated forms of arsenic. Anderson and Bruland (1991) also conducted a temporal study of
arsenic speciation in Davis Creek Reservoir, a seasonally anoxic lake in northern California, and
demonstrated that DMAA increased sufficiently to become the dominant form of dissolved arsenic
within the surface photic zone during late summer and fall. MMAA maintained relatively uniform
concentrations throughout the water column and throughout the study period. In contrast, DMAA
concentrations increased greater than three-fold in the epilimnion during the summer, but had much
lower concentrations at depth. Methylated forms decreased while arsenate increased when the
lake overturned in early December, implying a degradation of DMAA to arsenate.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Draft Report - Do not cite or quote Arsenic - 15

Arsenic in Sediments

Sediments contain much higher levels of arsenic ' e comcentrations in sl merts e 1 1
- . L rsenic con raionsin Iments are in the

(ppm) than th_e overlying f_resh or sall_ne waters opm range, and can be of the order of a few

(ppb). Arsenic concentrations in sediments can hundred ppm.

be substantial, 100-300 ppm, (Brannon and ! Arsenic in sediments derives mainly from SPM

Patrick, 1987). However, the environmental seftling from the overlying water column.
ditions of the sediments are more important ! The speciation and mobility of arsenic in

_Con j ; > p_ . sediments is controlled by the sediment

in controlling arsenic speciation and mobility biogeochemistry (pH, Eh, interstitial pore water

than are the total concentrations of arsenic in the chemistry efc.). o

sediment (Brannon and Patrick, 1987). Arsenic | * In particular, the concentration of iron,

. . ) manganese, and aluminum oxide/hydroxide
retent On_and rel ease by sedi ment_s depends on phases influences the retention/release of arsenic
the chemical properties of the sediments, from sediments.
manganese, and aluminum oxides and anaerobic sediments

hydroxides they contain (e.g., Anderson et a.,
1976; Pierce and Moore, 1980; Mok and Wai,
1990). However, the mechanism for retention, either adsorption or coprecipitation, is not known.
The consistent appearance of arsenic in the manganese-iron oxide fraction of sediments prompted
the suggestion that coprecipitation with these oxides may play arolein controlling dissolved
arsenic concentrations in the overlying water column (Cullen and Reimer, 1989). An alternative
explanation for the association of arsenic with Mn-Fe oxidesis preferentia post-depositional
adsorption of arsenic to this phase. Coprecipitation can be particularly important in estuaries
(Cullen and Reimer, 1989). In addition, arsenic-humic acid interactions have been demonstrated
and at certain pH values may be more important than adsorption to hydrous oxides (Wasenchuk
and Windom, 1978).

Remobilization and desorption of arsenic from sedimentsis controlled by pH, Eh, and arsenic
concentrations in interstitial waters, in addition to changesin total iron, extractable iron,
extractable manganese, mineral oxides and hydroxides, and the calcium carbonate equivaent in
sediments (Xu et a., 1988; Mok and Wai, 1989, 1990; Brannon and Patrick, 1987; Masscheleyn et
al., 1991).

In anaerobic sediments, As** is generally the predominant form of arsenic. The addition of As* to
awide variety of anaerobic sediments resultsin the accumulation of As** and organic Asin the
sediment interstitial water and exchangeabl e phases (Brannon and Patrick, 1987).

Arsenic release to the environment can be enhanced by subjecting river or lake sediments to
oxidation, for example by draining reservoirs (Moore et a., 1988). Arsenic coprecipitates with
Fe, Mn, or Al oxides. These phases change from mostly oxyhydroxide and organic phasesto a
sulfide phase in the reducing environment in the sediments. Subsequent exposure of the sediments
to oxygen allows bacterially mediated oxygenation of the sulfides releasing iron and any
associated arsenic (Moore et al., 1988).

[I1. Effects Characterization
This section, along with the bioaccumulation potential section, are subdivided to evaluate

receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxa to exposure. For
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reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystems

Arsenic’ stoxic effects range from relatively minor ones, such as short-term, reversible behavioral
impairments and metabolic deficiencies, to more serious ones, such as developmental
malformation of offspring and elevated mortality rates. Adverse effects have been noted at
agueous arsenic concentrations of 19 to 48 ug/L and dietary concentrations above 120 mg/kg body
weight. In aguatic invertebrates 50% reproductive impairment of Daphnia magna was reported
following 3 weeks of exposure to 1.4 mg/L (Na,HASO,; As>*), with 50% mortality occurring at 2.9
mg/L (Biesinger and Christensen, 1972). Acute toxicity of Daphnia pulex resulting in
immobilization was reported at 50 mg/L for arsenic (Na,HASO,; As**) (Passino and Novak,
1984). Amphibian species demonstrate acute effects (L Cs) in the range of 0.04 to 55.4 mg/L
(Power et a., 1989; U.S. EPA, 1996). Toxic effects have been observed in avian species as well.
Mallards exposed to dietary sodium arsenate (Na,HASO,; As**) up to 400 pg/g in feed exhibited
arsenic accumulation in the liver, delayed egg laying, decreased whole egg weight, and eggshell
thinning (Stanley et a., 1994). No effects on hatching success or evidence of teratogenicity were
noted. Hatchlings fed the same diet demonstrated a decrease in body and liver weight. Itis
interesting to note that adverse effects may have been attributable to malnutrition resulting from
avoidance of contaminated food, rather than toxicity.

Terrestrial Ecosystems

Because the detoxification and excretion of arsenic isfairly rapid, chronic effects resulting from
repeated low-level exposures are not expected. Acute arsenic toxicity in terrestrial vertebrates
usually resultsin rapid (within 2-3 days) mortality or morbidity, although overall sensitivity is
reported to decrease with increasing age of the organism exposed. Pathological effects may
include pulmonary edema, kidney and liver damage, dehydration, nervous system disturbances, and
cardiac abnormalities. Arsenic may cross placental membrane barriers and is a known teratogen
in many vertebrates (Eisler, 1988). Ingested arsenic has been reported to be fetotoxic and mildly
teratogenic in laboratory animals (ATSDR, 1989; Baxley et al. 1981; Hood and Bishop, 1972,
Ferm and Carpenter, 1968). Although many studies indicate arsenic’s carcinogenicity in humans,
thereislittle evidence of its carcinogenic effectsin animals.

Decreased survival ratesin small mammals (mice, rats) are reported for oral doses of arsenic
ranging from 0.4 mg/kg-day to over 4.73 mg/kg-day. In birds, the toxic effects induced by arsenic
exposure include lack of muscular control, debility, fluffed feathers (Eider, 1988). Mechanisms
mediating arsenic toxicity; however, may vary significantly among species, and thus similar
exposure routes may not result in similar effects. For example, rats exhibit a seemingly unique
tendency to bind arsenic to hemoglobin in red blood cells (ATSDR, 1989a).
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Figure2: Arsenic. Effects Rangesfor Ecological Receptors

In terrestrial animals, the relative efficiencies of assimilation of arsenic viaingestion, absorption,
or inhalation are unclear. Available evidence suggests that each may serve as an efficient and
relevant route of exposure (ATSDR, 1989a; Baxley et ., 1981). Asdescribed for aquatic
ecosystems, exposures viaoral, dermal, or inhalation pathways of inorganic arsenic will likely be
the most significant sources of toxicity. These exposure pathways are expected to be more
significant contributors to total arsenic body burdens than food-chain based exposures, as the
biomagnification of arsenic by terrestrial biota appearsto be insignificant.

Information regarding toxic effectsin soil biota are limited. Available evidence suggests that soil
microorganisms are fairly tolerant and may be exposed to arsenic concentrations as high as 1600
mg/kg soil without adverse effect (Eidler, 1988). In plants, arsenic is non-essential and toxic
exposures may result in the wilting of new leaves, retarded root and stalk growth, and |eaf
necrosis (Efroymson et al., 1997a, 1994).

V. Bioaccumulation Potential
Freshwater Ecosystems

Aside from the general rule that inorganic arsenic compounds are more toxic than organic, not
much is known about the relative toxicities of different arsenic forms to aguatic organisms or their




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Draft Report - Do not cite or quote Arsenic - 18

relative tendencies for bioaccumulation. Fish have high acute tolerances for arsenic (As** and
As™) (Spehar et al., 1980) and may accumulate levels of organic arsenic ranging from 4 to 5 ppm
to as high as 170 ppm without major impairment (chemical form unspecified) (ATSDR, 1989).
Food-chain pathways do not contribute significantly to total arsenic body burdens. A study
examining bioaccumulation and toxicity in multiple aquatic trophic levels noted significant
bioaccumulation of arsenic in stoneflies, daphnids, and snails, but no appreciable accumulation in
higher trophic level organisms (e.g. rainbow trout) after 28 days of agueous exposure to inorganic
arsenic. Arsenic accumulates mostly at lower trophic levels (e.g. aguatic invertebrates), and
body burdens may exceed ambient water concentrations by as much as 131 times (chemical form
unknown) (Spehar et a., 1980); however, bioconcentration factors for fish are usualy quite low.
Bioconcentration factors (BCFs) of 3 and 4 from Stephan (1993) in the form of As,O; (As®*) were
used to arrive at a geometric mean of 3.46 (L/kg). These are whole-body measured BCFs of
bluegills and fathead minnows. Confidence in this value is moderate because of the limited
number of studies used to derived the value.

Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, aBAF of 0.52 was proposed for arsenic based on 53 data
points. For terrestrial plants, an BCF of 1.2 was proposed based on 110 data points. For small
mammals, based on 72 reported values assessing the transfer of arsenic from soil to small
mammals, a BAF of 0.015 was proposed (Sample et a., 1997; Samples et a., 1998). These
values were used to model food chain exposures to terrestrial species for this analysis, because
currently, they stand as the most comprehensive collection of bioaccumulation data for terrestrial
ecological receptors (Sampleet a., 1997; 1998a; 1998h).

V. CSCL Development

The benchmark values presented in this section for mammals and birds (e.g., daily dose values)
were used to derive protective media-specific CSCL as outlined in the stressor-response profile
methodology (i.e., analysis phase of ERA). By scaling the benchmark study by body weight to a
representative wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary
preferences of wildlife receptor and the potential bioconcentration in prey, a protective
concentration (i.e., CSCL) in soil, plants, or surface water was developed. Since CSCLs for
receptors other than mammals and birds were aready in media concentrations, this same
derivation process was not required. A summary table of CSCLs are provided in Table 1.
Although CSCL s were developed for numerous wildlife receptors of both the aguatic (e.g., otter,
mink, and great blue heron) and terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest
CSCL ispresented in Table 1. By protecting the more sensitive species, other receptors are likely
to be protected as well.

Mammals: Although As*" has been observed as being more toxic to mammalian species than As®
(Eider, 1988), toxicological benchmarks were based on studies focusing on As® when data were
available since thisform is the most prevalent chemical speciesin ecological systems. Two
studies were identified that investigated the effects of chronic oral exposure to As® in mammals.
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In atwo-year study, Byron et a. (1967) fed arsenic as sodium arsenate to rats in doses ranging
from 31.25 to 400 ppm. Ratsin the group receiving 62.5 ppm did not differ from the controls;
however, those in 125 ppm exhibited increased weight loss. Based on these results, a NOAEL of
62.5 ppm and a LOAEL of 125 ppm were inferred for growth effects. Since no information was
provided on daily food consumption, conversion from ppm (mg/kg-diet) to mg/kg-day required the
use of an allometric equation for laboratory mammals (U.S. EPA, 1988a):

Food Consumption (kg/day) = 0.056(\\°-612)

where W is body weight in kilograms. Using the geometric mean of the reported mean male and
female body weights of the control rats (0.439 kg), and a calculated food consumption rate of
0.032 kg/day, the NOAEL of 62.5 ppm was converted to 4.6 mg/kg-day, and the LOAEL of 125
ppm was converted to 9.3 mg/kg-day.

The study by Byron et al. (1967) was considered the most suitable for derivation of amammalian
toxicological benchmark because: (1) it established a dose-response relationship; (2) it focused
on growth effects during acritical life stage; and (3) it administered doses via oral ingestion, an
ecologically significant exposure pathway. The rat study focused on growth effects during a
critical life stage, an endpoint likely to impact the fecundity of a population. Therefore, the
NOAEL of 4.6 mg/kg-day from the rat study was chosen for calculation of the mammalian
benchmark values.

In a separate experiment the same authors (Byron et a., 1967) fed arsenic as sodium arsenate to
dogs for two years at doses of 5, 25, 50 and 125 ppm. Dogs fed doses of 50 ppm or less showed
no signs of clinical or pathological toxicity, however, those given 125 ppm exhibited reduced
survival and increased weight loss. These results suggest a NOAEL of 50 ppm and a LOAEL of
125 ppm for pathological effects. Conversion from the ppm dose to an equivalent dose in mg/kg-
day was done using the allometric equation for laboratory mammals (U.S. EPA, 1988a) presented
above. Using an average body weight of 9 kg (U.S. EPA, 1988a) and a calculated food
consumption rate of 0.239 kg/day, the NOAEL of 50 ppm was converted to 1.3 mg/kg-day, and the
LOAEL of 125 ppm was converted to 3.3 mg/kg-day. This study was based on pathological effects
that could not be directly linked to population level effects. The benchmark study using rats
(Byron et a., 1967) was selected over the toxicity study using dogs for this reason.

Birds: Two studies that investigated As® toxicity in avian wildlife were identified. In atwo-part
study, Stanley et a. (1994) examined arsenic's effect on the reproduction and development of
mallard ducks by feeding adult mallards 25, 100 and 400 ug As/g feed for 4 weeks prior to mating.
While no signs of toxicity were observed in the two lower dose groups, ducks treated with 400
Mg/g exhibited delayed egg laying and lowered duckling production. 1n addition, the eggs of the
400 ug/g group weighed less than the eggs of the control group and showed signs of eggshell
thinning. Based on these results, aNOAEL of 100 mg/kg and a LOAEL of 400 mg/kg can be
inferred for reproductive effects. Since no information on body weight or food intake was
provided, conversion of the dietary doses from pg/g-diet to mg/kg-day required the use of an
allometric equation for birds (Nagy, 1987):

Food consumption (g/day) = 0.648(W\P1)

where W is body weight in grams. Assuming an average weight of 1043 g (U.S. EPA, 1993h) and
using the calculated food consumption rate of 60 g/day, the NOAEL of 100 pg/g was converted to
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5.7E-03 mg/kg-day and the LOAEL of 400 mg/kg was converted to 2.3E-02 mg/kg-day. The
NOAEL of 5.7E-03 mg/kg-day inferred from the Stanley et a. (1994) adult mallard study was
selected. The NOAEL of 5.7E-03 mg/kg-day was then scaled using the cross-species scaling
algorithm adapted from Opresko et a. (1994). Although the procedure in the Stanley et al. (1994)
study dictated the exposure of both male and female adult mallards, the reproductive effects were
primarily documented in female mallards. Therefore, female body weights for each representative
species were used in the scaling algorithm to obtain the toxicological benchmarks.

In the second part of the Stanley et a. (1994) study, the ducklings which hatched from the eggs of
the treated parents were also fed 25, 100 and 400 pg As/g feed for 14 days after hatching.
Although no effects were seen at dose levels of 25 and 100, the ducklings in the 400 pg/g dose
group had decreased growth rates and body and liver weights, suggesting a NOAEL of 100 ug/g
and a LOAEL of 400 pg/g for developmental effects. Neither body weights nor food consumption
datawere provided for conversion from units of ng/g-diet to units of mg/kg-day. Therefore,
assuming an average body weight of 2409 (Lokemoen et al., 1990) and using the allometric
equation (U.S. EPA, 1988a) presented above, afood consumption rate of 23 g/day was estimated.
The 100 pg/g dose was converted to a NOAEL of 9.6 mg/kg-day, and the 400 pug/g dose was
converted to aLOAEL of 38 mg/kg-day for developmental effects.

In another study, Camardese et al. (1990) fed mallard ducklings arsenic in doses of 30, 100 or 300
ppm beginning the day after hatching until 10 weeks of age. Reduced growth was seen in female
ducklings given 30 ppm, although only male ducklings in the 300 ppm group exhibited decreasesin
growth compared to controls. This suggests a LOAEL of 30 ppm for pathological effects. Using a
body weight of 780 g (Lokemoen et al., 1990), the allometric equation (U.S. EPA, 19884)
presented above, and a calculated food consumption rate of 49 g/day, the 30 ppm dose was
converted to adaily dose of 1.9 mg/kg-day.

The Camardese et al. (1990) study was not considered suitable for the derivation of a benchmark
value, since pathological effects do not clearly indicate that the fecundity of awildlife population
could be impaired. Data were available on the reproductive and developmental effects of As™, as
well ason chronic survival. In addition the data set contained studies conducted over chronic and
subchronic durations. Additiona avian toxicity data were not identified for birds representing the
terrestrial ecosystem. Therefore, the Stanley et a. (1994) study selected for the freshwater
ecosystem, as discussed above, was aso used to calculate terrestrial avian benchmark values.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Values (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 1.5E-01 mg/L As** developed by
the GLWQI, and the Secondary Chronic Values (SCV) of 8.1E-03 mg/L for As** developed by the
Oak Ridge National Laboratory were selected as the appropriate CSCL to use in thisanaysis. The
GLWQI values were considered preferable to the NAWQC because: (1) the GLWQI vaues are
based on the same methodology used to develop NAWQC (i.e., Stephan et al., 1985); (2) the
NAWQC data set was augmented with previoudly unavailable acute and chronic toxicity data; and
(3) speciestaxa used to generate the GLWQI values are suitable for national application since they
include species and taxa found throughout the United States.

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
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the biocavailability of metals (e.g., Prothro, 1993). Consequently, the FCV for total arsenic was
adjusted to provide a dissolved concentration as described in 60 FR22231 (Water Quality
Sandards...Revision of Metals Criteria). The conversion factor (CF) for arsenic of 1.00 for
chronic effects was proposed to give a dissolved surface water CSCL ; however, lacking a total
concentration CSCL for arsenic (i.e., CSCLs only available for As** and As*"), the CF could not
be used. The use of CFs reflects the current Agency position on criteria development and
regulatory application of metals, however, the issue of metal bioavailability in surface watersis
the topic of intensive research (e.g., Bergman and Dorward-King, eds, 1997). For example, the
relationship between water characteristics (e.g., dissolved organic matter) and copper
bioavailability and toxicity has been investigated in some detail (e.g., Allen and Hansen, 1996).
Since, the arsenic CSCL s distinguish between As** and As™, it islikely that future research on
conversion factors may result in changes to the estimated dissolved concentration for both
valencies. All surface water CSCL s for arsenic are presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of arsenic toxicity on reproductive or developmenta endpoints in amphibian species, however,
several acute studies were identified characterizing arsenic toxicity. Review of data collected
from six experiments indicate that the acute toxicity of arsenic ranges from 0.041 to 55 mg/L, with
ageometric mean of 4.3 mg/L. Acute studies were conducted on various amphibian species (i.e.,
six amphibian species represented) during embryo and tadpole lifestages. Chemical exposures
were conducted with sodium arsenite and arsenic trioxide (As*). The observation that the lowest
acute amphibian value is approximately one order of magnitude below the FAV, of 0.36 mg
arsenic/L and close to one order of magnitude below the FCV (0.15 mg arsenic (As*)/L)
determined for the freshwater community indicates that some amphibian species may be equally or
more sensitive than other freshwater receptors.  Given the lack of chronic amphibian data, a
CSCL of 4.3 mg arsenic/L was derived based on acute toxicity. Since the CSCL is based on acute
data (i.e., lethality), the severity of the potential adverse effects that this CSCL indicates should be
noted. Investigations are ongoing to review the possibility of incorporating amphibian data into
the NAWQC. Since amphibian species are more likely to breed in standing waters such as
wetlands or ponds, the appropriateness of combining protective levels of amphibian receptors and
the freshwater community is unclear at thistime (Power et a., 1989; U.S. EPA, 1996).

Algae and Aquatic Plants: Relevant endpoints for aquatic plants focused on the ability of plantsto
support higher trophic levels as well as the ability to provide habitat for other speciesin the
freshwater ecosystem. The criterias for aquatic plants and algae were either: (1) a no observed
effects concentration (NOEC) or alowest observed effects concentration (LOEC) for vascular
aquatic plants (e.g., duckweed) or 2) an effective concentration (EC,,) for a species of freshwater
algae, frequently a species of green agae (e.g., Selenastrum capricornutum). Suter and Tsao
(1996) reported a criteria of 4.8E-02 mg/L based on ECs, tests conducted on the green alga
Scenedesmus obliquus with As>*. As* has been observed as being less toxic to aguatic plants
than the more prevalent As>* form. Since this CSCL was developed from a single toxicity study on
algae, confidencein the CSCL islow.

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, CSCL s are devel oped estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards, rather, they
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are used to rank sites based on the potential for adverse ecological effects. A second document
evaluated for sediment CSCL development was the Approach to the Assessment of Sediment
Quality in Florida Coastal Waters Volume 1- Development and Evaluation of Sediment Quality
Assessment Guidelines (MacDonald et a., 1994) published by the Florida Department of
Environmental Protection (FDEP). The criteria developed by FDEP were also based on the
NOAA data; however, the method of derivation of the CSCL was changed. FDEP calculated the
criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50" percentile of no
effects data and the 15" percentile of the low effects data. The NOAA data, used in both
documents, is based on total metal concentrations in sediments, and the toxicity endpoints were
measured on species of amphipods, arthropods, and bivalves in addition to a variety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criterion was chosen above the NOAA criterion for the following reasons; (1) the
same database was used for both the NOAA criteria and the FDEP criteria development only
different derivation methods were used; (2) in most cases, the FDEP criterion was more
conservative than the NOAA criteria because alarger portion of the low effects datawas used in
criteria development; (3) the marine TEL developed by the FDEP were found to be analogous to
TELs observed in freshwater organisms (Smith et al., 1995).

The CSCL for arsenic was derived from 295 toxicity data points for low and no effects levels.
For the screening level analysis of arsenic, the TEL of 7.2E+00 mg arsenic/kg sediment was
selected as an appropriate sediment CSCL. Based on the quality and quantity of arsenic sediment
data, the degree of confidence in the TEL vaue for arsenic was considered high (MacDonald,
1994).

Terrestrial Plants: As presented in Efroymson et al. (1997a), phytotoxicity criterias were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected as the criteria. Such LOECs applied to reductionsin plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of aplant population to
sustain itself. The selected CSCL for phytotoxic effects of arsenic in soilsis 10 mg/kg soil, based
on studies of the effects of As** and As® (Efroymson et al., 1997a). The derivation of the CSCL is
based on 16 phytotoxicity studies on agricultural (e.g., barley, ryegrass) and silviculture (e.g.,
spruce) species measuring growth endpoints such as height and weight of shoots and roots, yield,
and germination success. Considering this CSCL was based on multiple studies over arange of
species, confidence in this criteriais high.

Soil Community: Because no adequate data to develop community-based CSCL s were identified,
the CSCL for soil from earthworm studies presented in Efroymson et al., (1997b) of 60 mg/kg soil
for arsenic was used. It isbased on 1 study reporting effects on growth and reproduction of
Eisenia fetida. Earthworms have been recognized to play important roles in promoting soil
fertility, releasing nutrients, providing aeration and aggregation of soil, aswell as being an
important food source for higher trophic level organisms. Even though earthworms are important,
basing a soil CSCL on one species does not ensure protection to the entire soil community given
the complex processes and interactions characteristic of functional soil communities.
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Table 1. Arsenic CSCLsin Sail, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway
Aquatic
Mammals 3.3E+00 mg/L water Food web River Otter Byron et al., 1967
Birds 2.9E-02 mg/L water Food web Kingfisher Stanley et al., 1994
Algae and Aquatic Plants 4.8E-02 mg/L water Direct contact Scenedesmus obliquus Suter and Tsao, 1996
Freshwater Community
As3 1.5E-01 mg/L water Direct contact | Aquatic biota U.S. EPA, 1995b
AsS* 8.1E-03 mg/L water Direct contact | Aquatic biota Suter and Tsao, 1996
Benthic Community 7.2E+00 mg/kg sediment Direct contact Benthos MacDonald et al., 1994
Amphibians (acute 4.3E+00 mg/L water Direct contact V arious amphibian species Power et al., 1989; U.S. EPA, 1996
effects)
Terrestrial
Mammals 5.2E+02 mg/kg soil Food web Raccoon Krasovskii et al., 1979
Birds 7.3E-01* mg/kg soil Food web American woodcock Stanley et al., 1994
Mammals 2.7E+01 mg/kg plant Food web Meadow vole Krasovskii et al., 1979
Birds 7.3E-01 tissue Food web Northern bobwhite Stanley et al., 1994
Plant Community 1.0E+01 mg/kg plant Direct contact | Various plant speices Efroymson et al., 1997a
Soil Community 6.0E+01 tissue Direct contact | Soil invertebrates Efroymson et al., 1997b
mg/kg soil
mg/kg soil

*  This CSCL should not be used because it is below soil background concentrations (Ilowest mean background concentration 4.8 mg arsenic/kg soil) . This
may be an artifact of our back-calculation method (i.e., calculating media-specific CSCL s from the benchmark study).
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Ecotoxicological Profile for Ecological Receptors
Barium

This ecotoxicological profile on barium contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of barium so

that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological

CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be

properly interpreted.
|. Background

Barium is a naturally occurring component of minerals that
can be found in igneous rocks, sandstone, shale, and coal.
Barium may be released to the environment naturally
through the weathering of rocks and minerals or
anthropogenically in association with mining, refining,
production of barium and barium chemicals, and fossi

fuel combustion. Barium exists in one oxidation state
(+2). Itisgenerally found complexed with inorganic
congtituents such as sulfate and carbonate or sorbed onto

Barium is present in the environment in
one oxidation state (+2).

Barium mohility in the environment is
limited through the formation of
relatively insoluble inorganic complexes
and/or adsorption reactions.

Two of the most important complexing
agents are sulfate and carbonate.

the soil substrate. Complexation with carbonate and sulfate and sorption to the soil substrate limit

the mobility of barium in the environment.

II. Geochemistry of Barium in Various Ecological M edia

Bariumin Soils

Barium isrelatively abundant in the earth’scrust and is
found in most soils. Although barium has been measured
at concentrations as low as 10 parts per million (ppm) and
as high as 10,000 ppm, typical concentration values for
barium in soil range from 100 to 3,500 ppm (Dragun,
1988). In cultivated and uncultivated soil samples
collected during field studies, barium concentrations
ranged from 15 to 1,000 ppm (mean concentration of 300
ppm) for B horizon soilsin the eastern United States and
from 70 to 5,000 ppm (mean concentration of 560 ppm) for
this same soil horizon in the western United States.

Barium content ranged from 150 to 1,500 ppm for surface
horizon soils collected in Colorado (mean concentration of
550 ppm).

Barium mohility is limited by adsorption
to metal oxides, hydroxides, clays, and
organic matter.

Barium mohility is aso limited by the
formation barium sulfate and barium
carbonate precipitates.

Mohility may be increased through the
formation of water soluble salts,
specifically complexation with nitrate,
chloride, and hydroxide ions.

The soluhbility, and resultant mobility,
increase with decreasing pH.

Barium is present in the environment in one oxidation state (i.e., the +2 oxidation state). In soils,
barium may be “fixed” or immobilized as aresult of chemisorption and precipitation.
Chemisorption refers to the formation of a covalent bond between an adsorbed element such as
barium and amineral surface. Barium adsorbs onto metal oxides, hydroxides, clays, and organic
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matter in soil. The cation exchange capacity of the soil largely controls the retention of barium in
soils. Thelarger the cation exchange capacity, the more likely barium will be immobilized in the
soils.

Precipitation can also immobilize barium in soils. Barium can form precipitates in the presence of
carbonate, sulfate, and phosphate. The two most important precipitates under environmental
conditions are barium carbonate (BaCO;) and barium sulfate (BaSO,). Hence, soils with high
calcium carbonate content and/or elevated concentrations of sulfate ions limit the mobility of
barium.

Barium may also form water soluble salts with nitrate, chloride, and hydroxide ionsin soil.
Barium is more mobile and is more likely to be leached from soilsin the presence of these
complexing agents due to increased solubility. 1n generd, the solubility of barium compounds
increases with decreasing pH. Barium mobility may also be increased when complexed with
humic and fulvic acids, which resultsin areduction in adsorption capacity.

Bariumin Surface Water

C  Barium forms complexesin surface

Barium has been measured at concentrations ranging water with sulfate and carbonate and

from 2 to 380 Fg/L (mean concentration range of 10 to precipitates out of solution.

60 Fg/L) in approximately 99 percent of the samples Precipitation decreases the dissolved

collected from surface water and finished public water phase burden in surface waters.

. C Barium concentrations in surface water

supplies. increase in the presence of chloride,
nitrate, and hydroxide. Thisisdueto

Although barium may be present in surface water asthe :;?;glre”;ion of water soluble

barium ion (Ba?*), complexation with
naturally-occurring constituents in water is common.
Two of the most important complexing agents are sulfate
and carbonate. At pH valuesless than 9.3, barium sulfate (BaSO,) isfavored. At pH values
greater than 9.3, barium carbonate (BaCOs) prevails. Since the solubilities of BaSO, and BaCO,
arerelatively low, barium islikely to precipitate out of solution as an insoluble salt in the
presence of these two complexing agents. Barium may also form salts of low solubility with
arsenate, chromate, fluoride, oxalate, and phosphate ions, furthering limiting dissolved
concentrations in surface water.

Barium concentrations in surface water increase in the presence of chloride, nitrate, and
hydroxide. Specifically, barium may form complexes with chloride, nitrate, and hydroxide in
natural waters. These complexes are characterized as water soluble and are frequently detected in
aqueous environments.

Bariumin Sediments
Sedimentation of suspended solids resultsin the mass o . .

. C  Baiumin sedimentsisfound largely in
remova of barium from surface water systems to the the form of barium sulfate.
underlying sediments. Barium in sedimentsis found
largely in the form of barium sulfate (BaSO,). Coarse
st sediment in a turbulent environment will often grind
and cleave the barium sulfate from the sediment particles, leaving a building up of BaSO,.

[11. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxa to exposure. For
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reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystems

Data on the effects of barium on freshwater organisms are limited. Results from daphnid
experiments suggest that high concentrations of barium may impair the growth and reproduction of
zooplankton populations. Depending on the duration (i.e., 24 and 48 hours), acute toxicity (LCs;S)
to daphnids ranges from 14.5 to greater than 530 mg/L (B&?*); however, a chronic 3-week daphnid
bioassay resulted in an LCs, of 13.5 mg/L. No effects to daphnids were observed at concentration
of 68 mg/L (Ba*) after 48 hours, but after 3 weeks reproduction was impaired, mean body weight
was depressed, and metabolic activity was decreased at 5.8 mg/L (B&**) (LeBlanc,1980;
Biesinger and Christensen 1972). The large range between these results may be indicative of
differing water quality parameters which were not identified in the results of these studies.

Terrestrial Ecosystems

Results of experimental animal studies show that barium toxicity varies widely with dosage form,
route of exposure, species, and age, as well as solubility of the barium compound administered
(U.S. EPA, 1987¢). Injected barium saltsin animals are highly toxic, but most of them are
insoluble (Schroeder and Mitchener, 1975a). Acute oral exposure, by gavage, to barium chloride
resulted in LDs,s of 220 mg/kg diet for weanling rats and 132 mg/kg diet for adults (U.S. EPA,
1987c). Schroeder and Mitchener (1975a,b) treated rats and mice with 5 mg/L barium acetate in
drinking water throughout the animals’ lives. At various intervals, female rats exhibited increased
longevity and male mice showed a dight reduction in longevity. However, they observed no
consistent trends in adverse effects. The study did not establish a dose-response relationship for
reproductive, developmental, or growth effects, or any other kind of effect that might impair the
ability of an animal population to sustain itself. Studies conducted by Tardiff et a. (1980)
administered barium chloride in drinking water (0, 10, 50, or 250 ppb barium) to 4-week-old rats
for 4, 8, or 13 weeks. There were no observed adverse effects (Tardiff et a., 1980). A fina
study conducted by Tarasenko et a. (1977) administered barium chloride orally to pregnant rats.
They state that the offspring of the treated females showed increased mortaity, suggesting that
barium may have embryotoxic effects. However, the study did not report any data to support the
significance of thisfinding. Limited effects data were available on terrestrial plants and soil
invertebrates, however, these receptors appear to be more resistant that other ecological receptors
to barium exposure (Table 1).

V. Bioaccumulation Potential

Freshwater Ecosystems

For organismsin the freshwater environment, exposure to barium occurs primarily through
ingestion of contaminated mediaor food. As barium issimilar in chemistry to calcium, most
barium retained in the body will end up in bone tissue. Organisms that consume bone material may
have higher exposures. Bioconcentration of barium by aquatic organisms (e.g., fish and marine
organisms) occurs; however, sufficient data to determine bioconcentration factors (BCFs) for
freshwater fish or other aguatic invertebrates were not identified. Investigations are ongoing to
identify studies that further characterize the bioaccumulation of barium in ecological receptors.
Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
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review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms and terrestrial plants there were no proposed BAFs. For small
mammals, based on 14 reported values ng the transfer of barium from soil to small
mammals, a BAF of 0.11 was proposed (Sample et a., 1997; Samples et al., 1998). These values
were used to model food chain exposures to terrestrial species for this analysis, because currently,
they stand as the most comprehensive collection of bioaccumulation data for terrestrial ecological
receptors (Sample et al., 1997; 1998a; 1998b).
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Figure 1. Barium: Effects Rangesfor Ecological Receptors

V. CSCL Development

The benchmark values presented in this section for mammals and birds (e.g., daily dose values)
were used to derive protective media-specific CSCLs as outlined in the stressor-response profile
methodology (i.e., analysis phase of ERA). By scaling the benchmark study by body weight to a
representative wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary
preferences of wildlife receptor and the potential bioconcentration in prey, a protective
concentration (i.e., CSCLS) in soil, plants or surface water was developed. Since CSCLsfor
receptors other than mammals and birds were aready in media concentrations, this same
derivation process was not required. A summary table of CSCLs are provided in Table 1.
Although CSCL s were devel oped for numerous wildlife receptors of both the aquatic (e.g., otter,
mink, and great blue heron) and terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest
CSCL ispresented in Table 1. By protecting the more sensitive species, other receptors are likely
to be protected as well.

Mammals: No suitable subchronic or chronic studies were identified which studied the effects of
barium toxicity on reproductive or developmental endpoints in mammalian species.

Birds: Study done by Johnson et al. 1960 (as cited by Sample et al., 1996) were used to derive
CSCL for birds. They examined barium’s effects on the reproduction of chicks with adiet of 250,
500, 1000, 2000, 4000, 8000, 16000, and 32000 ppm. Chicks treated with 4000 ppm of barium
experienced mortality. Because the study was conducted during a critical growth period, a
NOAEL of 2000 ppm and a LOAEL of 4000 ppm can be inferred for developmental effects. As
reported by Sample et al. (1996), the NOAEL for chicksis 20.8 mg/kg-day and the LOAEL is41.7
mg/kg-day. Additional avian toxicity data were not identified for birds representing the terrestrial
ecosystem. Therefore, the study was used to derive CSCLs for avian species in both the
freshwater and terrestrial ecosystems.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
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(NAWQC) published by the EPA Office of Water. Neither of these criteria have been developed
for barium; therefore, a Secondary Chronic Value (SCV) was calculated. SCVs are calculated by
ana ogous methods used to derived FCV'sfor both the GLWQI and NAWQC. However, when the
eight data requirements for devel oping the FCV were not available, the SCV criteria was based on
one to seven of the eight required criteria. For barium, the SCV of 4.0E-03 mg/L developed by
Suter and Tsao (1996) for total barium was selected as the appropriate CSCL to usein this
analysis. The SCV for barium was derived from 12 data points derived from toxicity endpoints
found in fish and aguatic invertebrates. From these data, an SAV of 1.136E-01 mg/L and SACR of
28.29 were calculated. The resulting ratio of these values (i.e., SAV/SACR) determined the SCV
of 4.0E-03 mg/L (Suter and Tsao, 1996).

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). EPA has developed conversion factors (CFs)
to estimate probable dissolved concentrations of metals in surface waters given atotal metal
concentration as described in 60 FR22231 (Water Quality Sandards...Revision of Metals
Criteria). A CFisnot yet available for barium; however, the issue of metal bioavailability in
surface watersis the topic of intensive research (e.g., Bergman and Dorward-King, eds, 1997).
The final surface water CSCL for barium is presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of barium toxicity on reproductive or developmental endpoints in amphibian species. Further, no
acute toxicity data on amphibians were identified in the literature.

Algae and Aquatic Plants: Relevant endpoints for aquatic plants focused on the ability of
plants to support higher trophic levels as well as the ability to provide habitat for other
species in the freshwater ecosystem. The criterias for aquatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aguatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of
freshwater algae, frequently a species of green algae (e.g., Selenastrum capricornutum). Data
were not identified in Suter and Tsao (1996) or in AQUIRE; thus, no CSCL was set.

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, criteria are developed estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). For our purposes, the ER-L was considered an
appropriate criteriafor freshwater sediment biota. A second criteria document evaluated for
sediment CSCL devel opment was the Approach to the Assessment of Sediment Quality in Florida
Coastal Waters Volume 1- Development and Evaluation of Sediment Quality Assessment
Guidelines) (MacDonald et al., 1994) published by the Florida Department of Environmental
Protection (FDEP). The criteria developed by FDEP were aso based on the NOAA data;
however, the method of derivation of the criteria was changed. Neither of these documents, or
aternative references such as ORNL, proposed a suitable sediment criteriafor barium; therefore,
no CSCL on barium could be devel oped.

Terrestrial Plants: As presented in Efroymson et al. (1997a), phytotoxicity criterias were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
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approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected as the criteria. Such LOECs applied to reductions in plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of aplant population to
sustain itself. The selected criteriafor phytotoxic effects of barium in soilsis 500 mg/kg, based on
areduction in shoot growth of barley. Thisvalue was the lowest LOEC presented by Efroymson
et a. (19974). The derivation of the CSCL is based on two phytotoxicity studies on agricultural
(e.g., barley, beanbush) species measuring growth endpoints such shoot and root weight.
Considering this CSCL was based on limited phytotoxicity data on only afew species, confidence
in thiscriteriaislow.

Soil Community: Because no adequate data to develop community-based CSCLs were identified,
CSCLsfor soil from microbia effects presented in Efroymson et a. (1997b) of 3000 mg
barium/kg soil was proposed; it is based on 1 reported effect on microbia activities from barium
exposure. The toxicity endpoints measured in microorganisms included effects such as enzyme
activities, nitrogen transformation, and mineralization. These functions have been recognized to
play important roles in nutrient cycling, which provides nutrients in available forms to plants.
Even though microbial processes are important in soil, using this CSCL may have limited utility.
Basing a CSCL on only one species or taxa does not consider the complex processes and
interactions characteristic of functiona soil communities. Community-based CSCL s should be
used as they become available. Confidence in this CSCL islow.




Table 1. Barium CSCLsin Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway
Aquatic
Freshwater Community
Tota 4.0E-03 mg/L water Direct contact | Aquatic biota Suter and Tsao, 1996
Terrestrial
Birds 2.4E+02 mg/kg soil Food web American woodcock Sampleet al., 1996
Birds 2.8E+02 mg/kg plant Food web Northern bobwhite Sampleet al., 1996
Plant Community 5.0E+02 tissue Direct contact Barley and bush beans Efroymson et al., 1997a
Soil Community 3.0E+03 mg/kg soil Direct contact | Soil invertebrates Efroymson et al., 1997b
mg/kg soil

Insufficient data for aquatic birds, aguatic and terrestrial mammals, algae and aquatic plants, and the benthic community
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Ecotoxicological Profile for Ecological Receptors
Beryllium

This ecotoxicological profile on beryllium contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of beryllium
so that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Beryllium is arare metallic element that occurs in nature in variety of compounds and minerals.
Background concentrations in soils of the United States range from less than 1 ppm to 15 ppm, with
amean concentration of 0.92 ppm (Dragun and Chiasson, 1991). Its average concentrationin air is
0.03 ng/m?, dthough in citiesiit is greater by about a factor of 10. The geometric mean
concentration in surface waters of the United Statesis 70 ug/L. Berylliumis present in air mostly
as fine particles, which may remain in the atmosphere for up to 10 days before being deposited on
soil or water. In both water and soil, most beryllium will be bound to particles, with only a small
fraction in soluble form. Generdly, beryllium isimmobile, athough under some environmental
conditions, it may become more soluble and mobile (ATSDR, 1993a).

The toxicity of beryllium varies greatly among its different compounds, and depends primarily on
solubility. Acute exposure to inhaled beryllium can be fatal in animals, causing lung damage.
Chronic exposure to inhaled beryllium has caused systemic effects and sometimes death; however
chronic oral exposures have not been reported to cause increased mortality. The reproductive
effects of oral exposure are unclear. Beryllium is extremely toxic to warmwater fish in soft water.
Beryllium bioconcentrates in fish, and could potentially bioconcentrate in sediment-dwelling
organisms, but biomagnification in food chains has not been observed (ATSDR, 1993a).
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II. Geochemistry of Beryllium in Various Ecological Media

Berylliumin Soils
Beryllium (Be) compounds are naturally

! Beryllium only exhibits a +2 valence state.

present in soils. The average concentration of 1 Beryllium should be strongly adsorbed in most
beryllium in the Earth’ s crust is 2.8-5.0 mg/kg soils.

(Reeves, 1986). Typical beryllium ! Beryllium may adsorb onto clay surfaces at low
concentrations in soil range from 0.01 to 40.0 ﬁ;ﬁsz”;ay remain s insoluble complexes &
mg/kg, with a mean of 0.3 mg/kg (Bowen, ' The mobility of beryllium in soils should be limited.

1979). USGS soil survey data gave a mean
soil beryllium concentration of 0.6 mg/kg
(Eckel and Langley, 1988).

Beryllium should be strongly adsorbed in most soils because it displaces divalent cations which
share common sorption sites (Fishbein, 1981). Beryllium ischemically similar to aluminum, and,
therefore, may be expected to adsorb onto clay surfaces at low pHs, and may remain precipitated
as insoluble complexes at higher pHs (Callahan et a., 1979). Asaresult, beryllium should have
[imited mobility in soils.

Berylliumin Surface Waters

lg %?g}ﬁﬂ?;iﬁg: Lﬂg zale:}sll?{ﬁmhydrd yzed 1 In water, soluble beryllium sdts are hydrolzed to
) ) o L form beryllium hydroxide. Beryllium hydroxide

hydroxide, which has alow solubility within has alow solubility within the pH range of most

the pH range of most natural waters (Callahan natural water;

etal., 1979). Eckel and Jacob (1989) P heewaen beyllium has astiong tendency to

determined the estimated geometric mean E?g(mo%f(;nyj ;2{0,;‘) o o eassmarny s

L.
concentration of total beryllium in United

States’ surface waters as 70 ng/l (from ambient

lake and stream water monitored by the U.S. Geological Survey and EPA STORET database from
~1960-1988). Thetotal beryllium concentration in the Great Lakes ranged from a median of <4 to
120 ng/L (Rossman and Barres, 1988). The total beryllium concentration in various surface
waters ranged from 10 to 100 ng/L (Bowan, 1979).

Beryllium in Sediments

In most natural waters, beryllium should be predominantly adsorbed onto particulate matter or
sediment. Inthe Great Lakes, beryllium is present in the sediment at concentrations several orders
of magnitude greater than in the overlying water (ATSDR, 1993). In sediment, beryllium is usually
associated with the clay fraction, which is expected from the similar geochemistries of aluminum
and beryllium. Some sedimentary beryllium may aso form through precipitation of insoluble
complexes.

[11. Effects Characterization

This section, along with the biocaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
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in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystems

In experimental animals, beryllium ingested orally is minimally absorbed by the gastrointestinal
tract, and most is excreted very rapidly. In contrast, animal studies indicate that after inhalation
exposure, most beryllium is retained (Browning, 1969). Soluble beryllium compounds as Be*
have been found to be transformed into insoluble forms in the lungs, resulting in long retention
times there (Be?*) (U.S. EPA, 1986g). After absorption, someis deposited in bone, and therest is
generally excreted. Beryllium exposure may have adverse effects on enzyme production and
function, lung and other organ tissue and function (Be*). It has teratogenic effects on snails, and
has inhibited limb regeneration in salamanders. Acute exposure to concentrations of aslow as 87
Mo/L aretoxic to fish, and chronic exposure to 3 ug/L istoxic to daphnids. Acute toxicity can be
over 100 times more toxic in soft water than in hard water (Sittig, 1980). Similar observations
were seen with amphibian species. Amphibian species (i.e., Ambystoma maculatum and
Ambystoma opacum) exposed to beryllium for 96 hours indicated acute toxicity (LCs,) ranging
from 3.1 to 8.3 mg/L in test mediawith low water hardness (i.e., 20 to 25 mg CaCOs/L).
However, amuch higher tolerance to exposure of amphibian species was noted in test mediawith
water hardness of 400 mg CaCO-/L. In studies with higher water hardness, acute toxicity was
indicated in the range of 18 to 32 mg/L. No data reporting chronic effects to amphibians was
identified (Power et al., 1989; U.S. EPA, 1996).

Terrestrial Ecosystems

Asindicated for freshwater mammals and birds, minimal amounts of ingested beryllium are
absorbed, and most is excreted very rapidly whereas inhaled beryllium is retained as insoluble
compounds in lung and bone tissues (Browning, 1969; U.S. EPA, 1986g). The lung is often the
first target organ of beryllium disease (Hamilton and Hardy, 1974). Acute inhalation exposures to
beryllium have been found to cause effects in experimental mammals (U.S. EPA, 1986g). In some
species, exposure to beryllium causes hypersensitivity (Hamilton and Hardy, 1974). Chronic and
acute inhalation studies on experimental animals have demonstrated a number of reproducible
toxic effects, such as osteosarcoma, lung neoplasia, and death (Hamilton and Hardy, 1974; U.S.
EPA, 19869; ATSDR, 1993).

Fewer investigations of oral exposure to beryllium have been conducted. Chronic exposure to
high doses of beryllium carbonate has been found to cause rickets in experimental animals (U.S.
EPA, 19869). Schroeder and Mitchener (1975a,b) dosed mice and rats beryllium in drinking
water at 5 mg/L until natural death; however, consistent differences in weight and longevity were
not found.
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Figure 4: Beryllium: Effects Rangesfor Ecological Receptors

Current understanding of beryllium'’s reproductive and teratogenic effects on animals are restricted
to the results of afew studies administering doses viainjection (e.g., Ridgway and Karnofsky,
1952; Mathur et a., 1987). Although some studies found that beryllium can cause such effects,
these findings are not consistent (U.S. EPA, 1986g; Leonard and Lauwerys, 1987; ATSDR,

1993a). In some terrestrial plant species, effects (e.g., inhibited growth and survival) are indicated
at beryllium concentrations of 10 to 25 mg/kg soil (Efroymson et a., 1997a). No data was
identified to characterize the effects of beryllium to soil biota (e.g., earthworms).

V. Bioaccumulation Potential

Freshwater Ecosystems

Bioconcentration factor (BCF) of 19 (L/kg) for fish wasused. Thisis based on whole-body
measured BCFs of bluegill sunfish (Lepomis macrochirus) with 28 days of exposure (Barrows et
a., 1980). Asnoted by Barrows et al. (1980), beryllium did not appear to have reached steady-
state during the exposure period, and the BCF of 19 is calculated as the maximum bioconcentration
factor. Because the actual BCF of beryllium on fish may be higher, confidencein thisvaueis
low; additionally, this value being used in the Great Lakes Initiative (Stephan, 1993). Insufficient
data were identified to determine the bioconcentration factor (BCF) value in other aquatic
organisms.

Terrestrial Ecosystems
Datawere not identified to determine bioconcentration factors (BCFs) for terrestrial vertebrates
or terrestrial invertebrates, earthworms, and plants.

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
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protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCL5s) in sail, plants or surface water was developed. Since CSCLs for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals: No suitable sub-chronic or chronic studies which studied the effects of beryllium
toxicity on reproductive or developmenta endpoints in mammalian species were identified.

Birds: No suitable sub-chronic or chronic studies which studied the effects of beryllium toxicity in
avian species were identified.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. Neither of these reports presented a criteriafor
beryllium; therefore, a Secondary Chronic Vaue (SCV) was calculated. SCV's are calculated by
ana ogous methods used to derived FCVsfor both the GLWQI and NAWQC. However, when the
eight data requirements for devel oping the FCV were not available, the SCV criteria was based on
one to seven of the eight required criteria. For beryllium, the SCV of 6.6E-04 mg/L developed by
Suter and Tsao (1996) for total beryllium was selected as the appropriate CSCL to use in this
analysis. The SCV for beryllium was derived from 27 data points derived from toxicity endpoints
found in fish and aguatic invertebrates. From these data, an SAV of 3.5E-2 mg/L and SACR of
52.88 were calculated. The resulting ratio of these values (i.e., SAV/SACR) determined the SCV
of 6.6E-04 mg/L (Suter and Tsao, 1996).

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). EPA has developed conversion factors (CFs)
to estimate probable dissolved concentrations of metals in surface waters given atotal metal
concentration as described in 60 FR22231 (Water Quality Sandards...Revision of Metals
Criteria). A CFisnot yet available for beryllium; however, the issue of metal bioavailability in
surface watersis the topic of intensive research (e.g., Bergman and Dorward-King, eds, 1997).
Thefinal surface water CSCL for beryllium is presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of beryllium toxicity on reproductive or developmenta endpointsin amphibian species. Based on
acute exposures of amphibian species, ageometric mean of 11 mg beryllium/L was derived as the
CSCL indicating potential acute affects to amphibian species. The studies used to develop this
CSCL were conducted at water hardness media concentrations of 20 and 400 mg CaCOs/L. The
species Ambystoma maculatum and Ambystoma opacum at larva stages were exposed via direct
contact to beryllium sulfate for 96 hoursto generate L Css ranging from 3.1 to 32 mg/L. The acute
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NAWQC for the freshwater community set at 0.035 mg beryllium/L falls over two orders of
magnitude below the proposed acute CSCL for amphibians suggesting that receptors of the
freshwater community (e.g., fish, aguatic invertebrates) may be more sensitive to acute exposures
than amphibians; however, more data is needed to confirm this observation since derivation
methods and data assumptions between development of the acute NAWQC and this amphibian
CSCL are very different. Investigations are ongoing to review the possibility of incorporating
amphibian data into the NAWQC. Since amphibian species are more likely to breed in standing
waters such as wetlands or ponds, the appropriateness of combining protective levels of
amphibian receptors and the freshwater community is unclear at thistime (Power et a., 1989; U.S.
EPA, 1996).

Algae and Aquatic plants: Relevant endpoints for aquatic plants focused on the ability of
plants to support higher trophic levels as well as the ability to provide habitat for other
species in the freshwater ecosystem. The CSCLsfor aquatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aquatic plants (e.g., duckweed) or 2) an effective concentration (EC,,) for a species of
freshwater algae, frequently a species of green algae (e.g., Selenastrum capricornutum). The
aquatic plant CSCL for berylliumis 100 mg/L based on reduction in autotrophic growth ratesin
Chlorella vannieli (Suter and Tsao, 1996).

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, criteria are developed estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). For our purposes, the ER-L was considered an
appropriate CSCL for freshwater sediment biota. A second criteria document evaluated for
sediment criteria development was the Approach to the Assessment of Sediment Quality in
Florida Coastal Waters Volume 1- Development and Evaluation of Sediment Quality
Assessment Guidelines) (MacDonald et al., 1994) published by the Florida Department of
Environmental Protection (FDEP). The criteria developed by FDEP were also based on the
NOAA data; however, the method of derivation of the criteria was changed. Neither of these
documents developed a suitable sediment CSCL for beryllium. A vaue (3.7 E-02 mg beryllium/kg
sediment) was proposed by U.S. EPA, 1997 in the Protocol for Screening Level Ecological Risk
Assessment at Hazar dous Waste Combustion Facilities; however, since this criteria was derived
by extrapolation from the water quality criteria and lacked supporting ecotoxicity data on benthic
invertebrates, we did not selected thisvalue. Therefore, no CSCL on beryllium could be
developed.

Terrestrial Plants: As presented in Efroymson et al. (1997a), phytotoxicity CSCL s were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected asthe CSCL. Such LOECs applied to reductions in plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of aplant population to
sustain itself. The proposed CSCL for phytotoxic effects of berylliumis 10 mg/kg, a LOEC based
on unspecified toxic effects on plants grown in soil with a concentration of 10 ppm beryllium
(Efroymson et a., 1997a). Since the CSCL was based on a single study reporting unspecified
effects and did not indicate the form of beryllium applied to test soils or the terrestrial plant
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species exposed, this criteria study was not appropriate for CSCL development. No further
studies were identified, so no CSCLs could be developed for the terrestrial plant community.

Soil Community: No appropriate studies have been identified to derive a soil CSCL for beryllium.
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Table 1. Beryllium CSCLsin Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway

Aquatic

Algae and Aquatic Plants 1.0E+02 mg/L water Direct contact | Chlorella vannieli Suter and Tsao, 1996

Freshwater Community

Tota 6.6E-04 mg/L water Direct contact | Aquatic biota Suter and Tsao, 1996

Amphibians (acute 1.1E+01 mg/L water Direct contact | Various amphibian species Power et al., 1989; U.S. EPA, 1996

effects)

Insufficient datafor birds, mammals, terrestrial plants, benthic community, and soil community
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Ecotoxicological Profilefor Selected Ecological Receptors
Cadmium

This ecotoxicological profile on cadmium contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of cadmium so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Cadmium (Cd), arare naturaly occurring heavy metal, is a known teratogen, carcinogen, and a
probable mutagen in some terrestrial and aquatic biota (Hoffman et a., 1995). Conflicting
evidence exists regarding the biological requirement or beneficial role of cadmium to organisms.
However, it is clear that low concentrations of cadmium in exposure media or food items may
elicit adverse effectsin awide range of ecological receptors. Although biomagnification of
cadmium in the food chain has not been demonstrated, cadmium does bioaccumulate in
invertebrate and vertebrate species, microorganisms, and plants.

The bioavailability and expression of toxicity are afunction of the physical characteristics of the
exposure setting (e.g., pH, clay content, particle size, hardness, organic carbon) and the chemical
properties of the cadmium species. The freeionic form of cadmium is more toxic to aguatic biota
than cadmium that is complexed with dissolved organic matter or with soluble particulate matter
(SPM) or colloidal matter. The low solubility and volatility of cadmium tendsto favor soils and
sediments as cadmium sinks. Based on its persistence in the environment and its toxicity to
wildlife, cadmium contamination may present a significant threat to ecosystems at al levels of
biological organization.

II. Geochemistry of Cadmium in Various Ecological Media

Cadmiumin Soils

Cd can be pregent in 39” asfree Cadmium . ! The speciation of cadmium is dependent on
compounds or in solution as the Cd?* ion dissolved the soil geochemistry.

ininterstitial water (ATSDR, 1989). The speciation | ! For soil types ranging from sand to sty

of cadmium in soils can vary spatially and ;'Sy J;f‘;at:ftadsorp“m of Catis ighly
temporally depending on the particular geochemical 1 Cadmium sorption increased with
conditions of the system considered. The pH, increasing pH between pH 3 and pH 10.
organic matter content, and the presence of other ' Organic matter seems (o be a major

. icli ds for example. can be important adsorlptlon site for cadmium. Iron,
Inorganic ligan S_ _p ity ’ P ’ auminum, and manganese oxides were less
controls on cadmium speciation in soils. In high important than organic matter for adsorbing
acidity soils, the release of Cd?* and its uptake by cadmium.
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plantsisfavored (ATSDR, 1989).

Leeet a. (1996) investigated the sorption of Cd** on 15 New Jersey soils. They considered the
influence of pH, iron, manganese, and aluminum oxide concentrations, and organic matter in the
soil on cadmium sorption. The soil type ranged from sand to silty clay loam and the different soils
had different pH, clay content, and organic matter content. From the results of their experiments,
Leeet a. (1996) concluded that Cd** adsorption is highly pH dependent. The adsorption of Cd?*
increased with increasing pH between pH 3 and pH 10. Moreover, different soil types had very
different adsorption abilities. Organic matter seemed to be a major adsorption site for binding
Cd?*. Iron, aluminum, and manganese oxides were less important than organic matter for
adsorbing cadmium.

Cadmium in Surface Water
Cadmium isrelatively mobile in the agueous
environment. In natural waters, cadmium can

! Cadmium is relatively mohile in the agqueous
environment.

exist as the hydrated ion, asinorganic ! Cadmium can exist as the hydrated ion, inorganic

complexes, and as organic complexes. The complexes, and organic complexes.

distribution of trace elements such as cadmium | * Complexation with dissolved organic carbon and

bet di lved and ticulate f | a&ouatlon with SPM' are important in contralling
ween dissolved and particulate torms plays the behavior of cadmium.

afundamental role in controlling their ! Cadmium can be present in association with

behavior in aquatic Wgerns colloida materia in natura waters.

In rivers, the behavior of cadmium is primarily

controlled by geochemical processes (Hart and Hines, 1995). Cadmium behavior is heavily
dependent upon the balance between compl exation with dissolved organic matter and association
with suspended particulate matter (SPM) and colloidal matter. Biological processes have only a
minor influence on its behavior.

A recent review of trace element concentrations in uncontaminated rivers (Hart and Hines, 1995)
reported cadmium concentrations in rivers in the range ~10-90 ng/l for cadmium in the dissolved
(< 0.4 Fm) phase.

Shafer et al. (1997) determined that the partitioning behavior (between dissolved (< 0.4 Fm) and
particulate (> 0.4 Fm) phases) characteristic of cadmium in two Wisconsin rivers lay between that
of copper and of zinc. Copper exhibited very strong complexation by dissolved organic carbon
(DOC) and relatively low clay partitioning, whereas zinc appeared to have intermediate affinity
for both DOC and clays. Comparing the characteristic behavior of lead (Pb), zinc (Zn), cadmium
(Cd), and copper (Cu), partitioning of the metals to SPM followed the trend Pb>Zn>Cd>Cu and
the association with DOC appeared to follow the trend Cu>Cd>Zn>Pb (Shafer et al., 1997).

Benoit (1995) determined cadmium concentrations in fresh water from three riversin the northeast
United States and investigated the relationship between cadmium in particulate, colloidal, and
“truly” dissolved (i.e., occurring as individual solvated ions) phases. Total cadmium
concentrations in river water ranged from 13 to 684 ng/l. Dissolved cadmium concentrations
ranged from 3 to 235 ng/l. The partition coefficient, K4, was independent of major ion chemistry
and pH. Partitioning between (0.45 Fm) filter-retained and filtrate (< 0.45 Fm) fractions exhibited
a dependence on the concentration of total suspended solids (Benoit, 1995). This phenomenon, the
particle concentration effect, can be explained by the contribution of cadmium bound to colloids
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which are included in the filter-passing fraction of conventionally “dissolved” trace elements
(Benoit, 1995 and references therein).

Cadmium in Sediments

Concentrations of cadmium in sediments are at least one order of magnitude greater than those in
the overlying water column (Callahan et al., 1979, cited in ATSDR, 1993). Cadmium sulfide
(which has alow solubility product) can precipitate in sediments under reducing conditions that
produce sulfide (ATSDR, 1989). Subsequent exposure of cadmium sulfide bearing sedimentsto
oxygen can result in the oxidation of the sulfide phase and the release of solubilized Cd?* into
solution (ATSDR, 1989).

[11. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards (i.e., NAWQC) for freshwater communities (FCV or
secondary values) are included for both acute and chronic endpoints. NAWQC provide a context
for effects ranges in the aquatic community.

Freshwater Ecosystems

The toxicity of cadmium iswell characterized in the primary literature showing that concentrations
exceeding 10 ppb result in adverse effects in freshwater species (e.g., mortality, decreased
growth, and decreased reproductive capacity). Surface water concentrations ranging from 7 to 34
ng/L have been reported to cause acute effects (e.g., mortality) in fish. Salmonid fishes are among
the more sensitive biota in freshwater environments with toxic effects reported at concentrationsin
therange of 0.75to 7.7 ug/L (Cd?*) (Jensen and Bro-Rasmussen, 1992; Hoffman et al., 1995). For
example, Atlantic salmon aevin fry have exhibited decreased growth rates at aqueous
concentrations of 2.0 pg/L, with no observable impairment at low exposures of 0.2 pg/L (Cd?*)
(Peterson et al., 1983). In agquatic invertebrates, adverse chronic effects have been documented at
relatively low dissolved cadmium concentrations, 0.15 pg/L to 3.0 pg/L, both in the laboratory and
inthefield (Hoffman et al., 1995). Concentrations that elicit acute effectsin aquatic invertebrates
range from 7 ng/L to 35 mg/L. In algae, decreased population growth rates were observed at
concentrations of 3,700 pug cadmiun/L (Cd?*) (Canton and Slooff, 1981). In amphibians, cadmium
exposures have been reported to adversely effect survival, reproductive success, and devel opment
(Cd?") (Power et al., 1989). Acute effects were observed in various amphibian speciesin the
range of 470 to 850 ppb cadmium while chronic effects were observed between 45 to 227 ppb
cadmium (U.S. EPA, 1996). The sediment community has demonstrated adverse effectsin the
field when exposed to cadmium concentrations of 5 to 20 mg/kg. Impacts associated with these
concentrations include mortality, decreased abundance, and altered diversity (i.e., shiftsin
abundance to more metal tolerant species).

Terrestrial Ecosystems

Receptors characteristic of terrestrial systems (i.e., mammals, birds, the soil community, and
terrestrial plants) have also been adversely impacted by exposure to cadmium. Numerous
laboratory studies have documented the effects of cadmium toxicity in terrestrial mammals and
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birds. Chronic oral exposures ranging from 3.5 to 7.5 mg Cd/kg body weight have been associated
with decreased body weight and growth in laboratory rodents (Shore and Douben, 1994).
Reproductive effectsin avariety of species are also reported. Oral exposures of 0.1 pug/L resulted
in reproductive failure in mice and doses of 4 mg/kg-day resulted in decreased fetal weight in
exposed rats (Schroeder and Mitchener 1971b, Sorell and Graziano 1990). Available studies
reported reproductive LOAEL’ s at dietary concentrations ranging from 4.0 to 10.0 ppm Cd for
rats. Reproductive effects in avian species have also been reported. Mallard duck hens orally
exposed to cadmium at 19 mg/kg-day for 90 days exhibited suppressed egg production (White and
Finley, 1978). Japanese quails exposed from birth to six weeks of age to oral doses of 75 ppm
cadmium devel oped testicular hypoplasia (Richardson et al., 1974). In terrestrial plants, adverse
effects to growth endpoints were observed in the range of 1-200 mg/kg soil (Efroymson et al.,
1997a). Dataidentifying toxicity to earthworms, avital member of the soil community, was also
identified. Adverse effectsto chronic earthworm endpoints (i.e., cocoon production) were
indicated by concentrations ranging from 10 to 215 mg/kg soil; further, adverse impactsto acute
endpoints (i.e., earthworm mortality) were indicated by exposures ranging from 440 to 1840 mg/kg
soil (Efroymson et al., 1997b). Adverse effectsto terrestrial plant growth were indicated at
concentrations ranging from 1 to 300 mg Cd/kg soil. No effects were indicated in the range of 1 to
56 mg Cd/kg soil (Efroymson et d., 1997a).

V. Bioaccumulation Potential

Freshwater Ecosystens

Although the bioaccumulation of cadmium is apparent in all aquatic trophic levels, several lines of
evidence indicate that cadmium accumulates mostly at lower trophic levels (Cd?*) (Eisler, 1985).
In afreshwater food chain model starting from daphnids to fish using the algae Chlorella vulgaris
as the source of cadmium, Ferard et a (1983) showed that although cadmium did transfer from
daphnid to fish, most of the cadmium remained in algae and daphnids. In other experiments where
accumulation of cadmium was tested individually for each organism, bioconcentration factors
(BCFs) generaly decreased at higher trophic levels. agae (2,550), insects (164 to 2200), and
fish (200 to 380) (Eider, 1985a; Ferard et al., 1983; and Kumada et a., 1980). Biomagnification
of cadmium is unlikely; however, bioconcentration and limited bioaccumulation may occur at
lower trophic levels. No data on sediment accumulation have been identified.

To predict food chain exposures to piscivorous mammals and birds, BCFs of 380, 245, and 200 (L
water/kg tissue) from Kumada et al. (1973) were used to arrive at the geometric mean of 265
(Cd*") . BCFs were based on measured whole-body tissue concentrations in rainbow trout after 30
weeks of exposure. This BCF was used for estimating food chain exposures to piscivorous
mammals and birds. Because a more recent study on the pharmacokinetics of cadmium adsorption
suggests that it takes about 30 weeks of exposure to reach a 90% of steady-state concentration of
cadmium in rainbow trout (Harrison and Klaverkamp, 1989), bioconcentration studies conducted
for less than 30 weeks of exposure (Williams and Giesy, 1978; Kumada et al.1980; and Harrison
and Klaverkamp, 1989) were not used. Confidence in this BCF value is high because the BCF of
265 isin close agreement with that of an estimated value for rainbow trout of 161 (Harrison and
Klaverkamp, 1989)

Terrestrial Ecosystems
Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
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investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, a BAF of 41 was proposed for cadmium based on 226 data
points. For terrestrial plants, an BCF of 4.6 was proposed based on 289 data points. For small
mammals, based on 99 reported values assessing the transfer of cadmium from soil to small
mammals, a BAF of 4.0 was proposed (Sample et al., 1997; Samples et al., 1998). These values
were used to model food chain exposures to terrestrial species for this analysis, because currently,
they stand as the most comprehensive collection of bioaccumulation data for terrestrial ecological
receptors (Sample et al., 1997; 1998a; 1998h).

V. CSCL Development

10000

1000 +
E
& 100t
IS
3
[ 10 +
2 * ¢
O
§ 1
[%2]
s
< 0.1+
>
2 n
L 0.01 +
x 3
(o]
= [ |

0.001 T i

0.0001

Aquatic Benthic Algae Amphibians Soil Terrestrial

Community Community Community Plants

* Highest Acute Value

[ Lowest Chronic Value
—— — Acute National Ambient Water Quality Criteria (NAWQC)
---------------- Chronic National Ambient Water Quality Criteria (NAWQC)

Figure5: Cadmium: Effects Rangesfor Ecological Receptors

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
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wildlife receptor, and predicting the potential bioconcentration in prey, a protective concentration
(i.e.,, CSCL) in soil, sediment, plant tissue or surface water was developed. Since CSCLs for
receptors other than mammals and birds were aready in media concentrations, this same
derivation process was not required. A summary table of CSCLs are provided in Table 1.
Although CSCL s were developed for numerous wildlife receptors of both the aguatic (e.g., otter,
mink, and great blue heron) and terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest
CSCL ispresented in Table 1. It isassumed that by protecting the more sensitive species, the
other receptors are protected as well.

Mammals: Numerous studies were identified on the effects of cadmium toxicity to mammalian
species. Sutou et a. (1980) assessed cadmium toxicity in rats exposed to 0.1, 1.0 and 10 mg/kg-
day over aperiod of six weeks, including a three-week mating period and up to day 20 of
gestation. None of the measured variables showed significant changes in the groups exposed to
0.1 and 1.0 mg/kg-day, however, at 10 mg/kg-day, the number of embryonic implantations and live
fetuses decreased significantly. In addition, surviving fetuses from the 10 mg/kg-day treatment
group exhibited decreases in body weight, body length and tail length aswell as delayed
ossification of the vertebrae. These results suggest aNOAEL of 1.0 mg/kg-day and a LOAEL of
10 mg/kg-day for developmental effects. The NOAEL of 1.0 mg/kg-d from the Sutou et al. (1980)
study was chosen to derive the mammalian toxicological benchmarks because it contained
sufficient dose-response information and focused on developmental endpoints at a critical life
stage.

In astudy by Loeser and Lorke (1977), dogs given food containing cadmium at doses of 0.02, 0.06,
0.2, and 0.6 mg/kg-day for a3 month period exhibited no behavioral or developmental effects.
From this study, aNOEL of 0.6 mg/kg-day was inferred for dog exposure to cadmium. Sorell and
Graziano (1990) exposed female rats to cadmium via drinking water at doses of 5, 50, and 100
ppm on gestation days 6 through 20. Growth retardation, as expressed in decreased fetal and
maternal weights, was noted at the two higher doses. Based on the suggested body weight of 0.35
kg and water consumption of 0.046 |/day for Sprague-Dawley rats (U.S. EPA, 1988a), a NOAEL
of 0.66 mg/kg-day and a LOAEL of 6.6 mg/kg-day were calculated for developmental effects.
With respect to population sustainability, the decreased fetal body weight observed by Sorell and
Graziano et a. (1990) was not as significant as the decreased embryonic implantations and live
fetuses reported by Sutou et al. (1980). Although dogs are members of the same taxonomic order
(Carnivora) as the representative species, the Loeser and Lorke (1977) study does not provide
clear dose-response information. While the studies by Sorell and Graziano et al. (1990) and
Loeser and Lorke (1977) were not chosen for the devel opment of a toxicological benchmark, they
do illustrate the dose range at which cadmium toxicity occurs.

Birds. In one study, dietary cadmium was given to mallard duck hens at 0, 2.0, and 20, and 200
mg/kg for up to 90 days (White & Finley, 1978). No effectsin egg laying were seen at the lower
dose levels, however, egg production was suppressed in the group given 200 mg/kg. Based on
these resultsa LOAEL of 14.38 mg/kg-day and a NOAEL of 1.43 mg/kg-day can be inferred for
reproductive effects.

The NOAEL from the White and Finley (1978) study was selected to derive the toxicological
benchmark because: (1) doses were administered over a chronic duration and via oral ingestion,
an ecologically significant exposure pathway; (2) the study focused on reproductive toxicity asa
critical endpoint; and (3) it contained adequate dose-response information.
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The effects on avoidance response to fright stimuli were assessed in one-week-old black ducks fed
4 or 40 ppm cadmium (Heinz et al., 1983). No information on daily food consumption rates were
provided; therefore, the use of an allometric equation was required to convert the doses from

dietary ppm to mg/kg-day (Nagy, 1987):
Food consumption (kg/day) = 0.0582(\\°-5)

where W isbody weight in kg. Assuming a body weight of 0.053 kg, doses for this study were
calculated as 0.1 and 1 mg/kg-day. Ducklings fed 0.1 mg/kg-day ran longer distances away from a
fright stimulus than the control group or the 1 mg/kg-day ppm group. The authors could not explain
why effects were seen at the lower dose level and not at 1 mg/kg-day. Richardson et a. (1974)
investigated the effects of cadmium on Japanese Quail given an oral dose of approximately 75
mg/kg-diet from hatching until 4 or 6 weeks of age. Because daily food consumption was not
described, the allometric equation presented above was used to convert the cadmium dose to
mg/kg-day. Using abody weight of 0.08 kg, the dietary dose was estimated at 10.5 mg/kg-day.
After 4 weeks of exposure, the quail exhibited signs of testicular hypoplasia, growth retardation
and severe anemia and after 6 weeks of exposure both heart ventricles were hypertrophied. The
studies described demonstrate effects that could impair the survival of awildlife population.
However, the study by Richardson et al. (1974) was not considered suitable for derivation of a
benchmark value because of insufficient dose response information. Because behavioral effects
were observed at the lower dose and not at the higher dose, the Heinz et a. (1983) study also did
not establish a clear dose response relationship.

Data were available on the reproductive and developmental effects of cadmium, as well ason
behavioral effects potentially effecting survival. Laboratory experiments of similar types were not
conducted on arange of avian species and as such, inter-species differences among wildlife
species were not identifiable. There were no other valuesin the data set which were lower than
the benchmark value. Additional avian toxicity data were not identified for birds representing the
terrestrial ecosystem therefore, the White and Finley (1978) study on reproductive effectsin
mallards used in the freshwater ecosystem was also used to calculate a benchmark value.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 2.5E-03 mg/L for cadmium
developed under the GLWQI was selected as the appropriate criteriato use in thisanalysis. The
GLWQI value was considered preferable to the NAWQC because: (1) the GLWQI value is based
on the same methodology used to develop NAWQC (i.e., Stephan et al., 1985); (2) the NAWQC
data set was augmented with previoudly unavailable acute and chronic toxicity data; and (3)
species taxa used to generate the GLWQI values are suitable for national application since they
include species and taxa found throughout the United States. It should be noted that the toxicity of
cadmium is hardness dependent and, therefore, the FCV (in ug/L) was calculated using the
following equation (US EPA, 1995a), assuming awater hardness of 100 mg/L as calcium
carbonate (CaCO5):

eO.7852(I n hardness) -2.715

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metal concentrationsto better reflect the
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bioavailability of metals (e.g., Prothro, 1993). Consequently, the FCV for cadmium was adjusted
to provide dissolved concentrations as described in 60 FR22231 (Water Quality
Standards...Revision of Metals Criteria). The cadmium FCV was adjusted using a conversion
factor (CF) of 0.909 for chronic effects to give a dissolved surface water CSCL of 2.3E-03 mg/L.
This adjustment reflects the current Agency position on criteria development and regulatory
application of metals, however, the issue of metal bioavailability in surface watersis the topic of
intensive research (e.g., Bergman and Dorward-King, eds, 1997). For example, the relationship
between water characteristics (e.g., dissolved organic matter), copper bioavailability, and toxicity
has been investigated in some detall (e.g., Allen and Hansen, 1996). For completeness, the total
and dissolved surface water CSCLs are presented in Table 1.

Amphibians: No suitable subchronic or chronic studies to develop a CSCL were identified which
studied the effects of cadmium exposure on reproductive or developmental endpointsin amphibian
species. The variability between experimental designs and test endpoints made consistent
comparisons between chronic data prohibitive; however, both acute and chronic data were
identified to characterize the toxicity of cadmium to amphibian species. Acute impacts (LCs,S) to
amphibian species are observed between 0.5 to 0.9 mg Cd/L (as Cd?*) whereas chronic
ecotoxicity data range from 0.04 to 0.2 mg Cd/L (Cd?*") (U.S. EPA, 1996). Toxicity endpointsin
tests varied from lethality to developing abnormalities. Thirteen different species of amphibians
are represented in these effects ranges. The observation that some chronic amphibian data fall
below the NAWQC (i.e., 0.0039 mg Cd/L) indicates that amphibians are very sensitive to
cadmium exposure. Given the inconsistency in reported chronic data, a CSCL of 1.9 mg
cadmium/L was derived based on acute toxicity (Power et al., 1989; U.S. EPA, 1996). Sincethe
CSCL is based on acute data (i.e., lethality), the severity of the potential adverse effects that this
CSCL indicates should be noted. Incorporating the amphibian datainto the NAWQC within the
data requirement categoriesis currently under consideration. Since amphibian species are more
likely to breed in standing waters such as wetlands, ponds, or temporary puddles the
appropriateness of combining protection of amphibian receptors with the aguatic community is
unclear.

Aquatic Plants and Algae: The toxicological CSCLs for aguatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aguatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of
freshwater algae, frequently a species of green algae (e.g., Selenastrum capricornutum). The
aquatic plant CSCL for cadmium is 2E-03 mg/L based on reduced popul ation growth rate of
Asterionella formosa (Suter and Tsao, 1996). Low confidenceis placed in this CSCL sinceit is
only based on one study.

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, CSCL s are devel oped estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards, rather, they
are used to rank sites based on the potential for adverse ecological effects. A second CSCL
document evaluated for sediment CSCL devel opment was the Approach to the Assessment of
Sediment Quality in Florida Coastal Waters Volume 1- Development and Evaluation of
Sediment Quality Assessment Guidelines) (MacDonald et al., 1994) published by the Florida
Department of Environmental Protection (FDEP). The criteria developed by FDEP were also
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based on the NOAA data; however, the method of derivation of the criteriawas changed. FDEP
caculated the criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50t
percentile of no effects data and the 15" percentile of the low effects data. The NOAA data, used
in both documents, is based on total metal concentrations in sediments, and the toxicity endpoints
were measured on species of amphipods, arthropods, and bivalves in addition to avariety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criteria was chosen above the NOAA criteriafor the following reasons; (1) the same
database was used for both the NOAA criteria and the FDEP criteria development only different
derivation methods were used; (2) in most cases, the FDEP criteria was more conservative than
the NOAA criteria because a larger portion of the low effects data was used in CSCL
development; (3) the marine TEL developed by the FDEP were found to be analogousto TELSs
observed in freshwater organisms (Smith et al., 1995).

The CSCL for cadmium was derived from 433 toxicity data points for low and no effects levels.
For the screening level analysis of cadmium, the TEL of 6.8E-01 mg cadmium/kg sediment was
selected as an appropriate sediment CSCL. Based on the quality and quantity of cadmium sediment
data, the degree of confidence in the TEL vaue for cadmium was considered high (MacDonald,
1994).

Terrestrial Plants. Adverse effects levels for terrestrial plants were identified for endpoints
ranging from percent yield to root length. As presented in Efroymson et a. (1997a), phytotoxicity
CSCLswere selected by rank ordering the LOEC values and then approximating the 10"
percentile. If there were 10 or fewer values for achemical, the lowest LOEC was used. If there
were more than 10 values, the 10" percentile LOEC was used. Such LOECs applied to reductions
in plant growth, yield reductions, reduction in seed elongation, or other effects reasonably assumed
to impair the ability of aplant population to sustain itself. The selected CSCL for phytotoxic
effects of cadmium in soilsis 4.0 mg cadmium/kg soil (Efroymson et al., 1997a). The derivation
of the CSCL is based on 81 phytotoxicity data points on various agricultural (e.g., barley,

ryegrass) and silverculture (e.g., spruce) species measuring growth endpoints such as height and
weight of shoots and roots, yield, and germination success. Considering this CSCL was based on
multiple studies over arange of species, confidence in this CSCL is high.

Soil Community: CSCLs for soil from community-based effects presented in Hazardous Waste
Identification Rule (RTI, 1995b) of 1 mg/kg was proposed for cadmium. This value developed
from various different soil-based organisms may be more appropriate than CSCLswhich are
based on single soil species such as earthworms. Calculation of the CSCL involves incorporating
the no observed effects concentration (NOEC) and lowest observed effects concentration (LOEC)
data set for soil biota and to a statistically derived formulation designed to protect 95% of the
species potentially present in soil. The CSCL proposed herein will provide long-term
sustainability of afunctioning soil community for multiple uses of the affected area, such as
agriculture and residential use (RTI, 1995b). Because 7 studies were used to derive thisvalue,
confidencein this CSCL is moderate.

Asan aside, although the soil CSCL for cadmium falls below the background concentration in the
southeastern region, it may still be adequate for use nationally because confidence in the
background concentration of cadmium, based on only 12 samples, islow (typical samplesizeis
between 300 to 1200). In addition, background concentrations of cadmium vary among by regions.
For example, the average background concentration of cadmium is 0.22 mg/kg in Oak Ridge
Reservation, TN (Efroymson et al., 1997b); and Alloway(1995) presents background
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concentration ranging from 0.01 to 2.0 mg/kg (sample size unknown); al are below the CSCL.
Additionally, if the background concentrations were categorized by soil type, the typical rangeis
between 0.37 to 0.78 mg/kg soil. Confidence in background soil concentration islow and the
cadmium soil CSCL islikely to be adequate most of the time.
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Table1l. Cadmium CSCL in Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor

Exposure
Pathway

Representative Species

Aquatic

Mammals
Birds

Algae and Aquatic Plants
Freshwater Community
Totd
Dissolved
Benthic Community

Amphibian (acute effects)

1.1E-02
1.9E-02
2.0E-03

2.5E-03
2.3E-03
6.8E-01
1.9E+00

mg/L water
mg/L water
mg/L water

mg/L water
mg/L water
mg/kg sediment
mg/L water

Food web
Food web
Direct contact

Direct contact
Direct contact
Direct contact
Direct contact

River Otter
Kingfisher
Asterionella formosa

Aquatic biota

Aquatic biota

Benthos

Various amphibian species

Sutou et al., 1990
White and Finley, 1976
Suter and Tsao, 1996

U.S. EPA, 1995b

U.S. EPA, 1995b; 60FR22229
MacDonald, 1994

Power et al., 1989; U.S. EPA, 1996

Terrestrial

Mammals

Birds

Mammals

Birds

Plant Community
Soil Community

1.4E+00
1.6E+00
5.5E+00
3.7E+01
4.0E+00
1.0E+00

mg/kg soil
mg/kg soil
mg/kg plant
tissue
mg/kg plant
tissue
mg/kg soil
mg/kg soil

Food web
Food web
Food web
Food web
Direct contact
Direct contact

Meadow vole

American woodcock
Meadow vole

Northern bobwhite

Plants (unspecified species)
Sail invertebrates

Sutou et al., 1990
White and Finley, 1976
Sutou et al., 1990
White and Finley, 1976
Efroymson et al., 1997a
RTI, 1995b
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Ecotoxicological Profile for Ecological Receptors
Chromium

This ecotoxicological profile on chromium contains five sections: (1) background (e.qg.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of chromium
so that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Chromium isanaturally occurring metallic element. Background concentrationsin soils
throughout the United States range from 1.0 to 2,000 ppm, with a mean value of 54 ppm (Dragun
and Chiasson, 1991). It isestimated that 32,000 tons/yr of chromium are naturally mobilized by
weathering (Outridge and Scheuhammer, 1993). A considerably greater amount, however, is
released to the environment as the result of anthropogenic activities (Eisler, 1986a).

Chromium may exist in multiple oxidation states, ranging from Cr % to Cr®*, the trivalent and
hexavalent forms being the most biologically significant. The trivalent form, Cr®*, isthe
predominant naturally-occurring form, and is an essential micronutrient in animals, though not
essential for plants (Will and Suter, 1994). Deleterious effects, however, such as teratogenesis
and decreased sperm counts, have been associated with Cr3* exposures (Diaz-Mayans et al, 1986,
Zahid et d., 1990). Chromium in the hexavalent, Cr®*, form is more soluble and bioavailable than
other forms, and is generally considered to be its primary toxic form. About 40% of bioavailable
chromium exists as Cr®* (ATSDR, 1993h). Chromiumf* may induce mutagenic, carcinogenic, and
teratogenic effects (Eider, 1986a). Chromium’s chemical form in the environment may be affected
by both abiotic, physico-chemical conditions and biotic cycling processes.

II. Geochemistry of Chromium in Various Ecological Media

Chromiumin Soils

. . 3+

Trival _ent chro6r+n| um, Cr_ ! _and hexaval ent 1 Cr3* is the dominant chromium species in soils.
chromium, Cr®*, can exist in soils. However, 1 Cr®* occurs as HCrO,, CrO,2, or Cr,0, in soils.
chromium occurs predominantly in the ! The solubility of Cré* is low within the pH range of
trivelent state in soils (as insoluble 1 diftust?lc:l? oxidation, precipitation-dissolution
CrZO3'H20) (EPA’ 1989, cited in ATSDR’ adsorption-desorption mechanisms usualy control
1993). Forms of Cr® are the chromate ion, chromium biogeochemistry in soils.

HCrO, predominant at pH<6.5, or CrO,?,
predominant at pH> 6.5, and as dichromate,
Cr,O;* predominant at higher concentrations (>10mM) and at pH 2-6 (McL ean and Bledsoe,
1992). Thetotal concentration of chromium in unpolluted soils ranges from ~30-300 Fg/g (Katz
and Salem, 1994). Smith et a. (1989, cited in Katz and Salem, 1994) report background
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concentrations of 57 Fg/g for U.S. soils. Concentrations of Cr®* greater than afew tenths of a ppb
in soils probably indicate anthropogenic contamination (Katz and Salem, 1994).

Transport of chromium within soilsisinfluenced by factors such as pH, ion exchange capacity and
interstitial pore size (Katz and Salem, 1994). The processes controlling the fate and transport of
chromium species in soils are complex and interrelated. More detailed reviews of the
biogeochemistry of chromium in soils are found elsewhere (e.g., Bartlett and James, 1989; Katz
and Salem, 1994). The anionic nature of Cr®* limits its association with soil surfaces to positively
charged exchange sites, which decrease in number as the soil pH increases (McL ean and Bledsoe,
1992). Hexavalent chromium can be reduced to Cr** under normal soil pH and redox conditions.
Smith et al. (1989, cited in Katz and Salem, 1994) reported a high positive reduction potential for
Cr® and proposed that, in the presence of organic matter, Cr® was readily reduced to Cr3*.
Moreover, they acknowledged that the reduction was pH dependent, and suggested that the
hydrated Cr** oxides formed were immobilized through their incorporation into iron oxides in the
soil.

Bartlett and James (1979, cited in Katz and Salem, 1994) showed that Cr3* was oxidized to Cr®* in
fresh soil samples. Manganese oxides were the electron link between the Cr3*/Cr®* redox couple
and atmospheric oxygen. The surface characteristics of the manganese oxides and Cr3* transport to
those surfaces controlled its oxidation. The oxidation of Cr®" was favored by its speciation and
mohility in the soil and by the age of the Mn®* oxide surface and its freedom from adsorbed,
reduced organic matter, and Mn?* (Katz and Salem, 1994). Rai et a. (1989, cited in Katz and
Salem, 1994) identified oxidation-reduction, precipitation-dissol ution, and adsorption-desorption
as mechanisms controlling the biogeochemistry of chromium. Iror?*, S*, and organic matter in soil
were important potential reductants for Cré*, and manganese dioxide was considered important for
the oxidation of Cr3* to Cr®*. The solubility of Cr3* was very low within the pH range of most
soils (Rai et a.,1989, cited in Katz and Salem, 1994).

Chromiumin Surface Waters

Chromium concentrationsin U.S. river water are : The chromium species Cr** and Cre* are
typicaly <1to 30 Fg/l (ATSDR, 1993 and found in surface waters.
referencestherein). Inlake water, chromium ! Cr3* occurs more often in a particulate phase
concentrations are typically 5 Fg/l or lower ' Tzagegﬁgeér& < the dominent soedisin the
(Borg, 1987; Cary, 1982, cited in ATSDR, ' dissolvel phase, but Kineic effects meen that
1993). Bart and von Gunten (1979, cited in Katz significant quantities of Cr* can also be

and Salem, 1994) reported that chromium was present.

transported predominantly as solidsin the River
Aare. Pettineet al. (1992, cited in Katz and
Salem, 1994) determined that chromium in the Po River (Italy) was partitioned between
particulate (~90%) and dissolved (~10%) phases. Of the dissolved phase, at |east 85% was
hexavaent chromium. Pettine et al. (1992, cited in Katz and Salem, 1994) proposed that the
dissolved chromium underwent a redox cycle involving hydrogen peroxide and Fe**, with
subsequent incorporation of the Cr3* into a particulate phase prior to sedimentation.
Photoreduction has been invoked as a mechanism for the reduction of Cr®* to Cr** (e.g., Kieber and
Heiz, 1992; Kaczynski and Kieber, 1993, cited in Katz and Salem, 1994). Their mechanism
involves solar radiation induced reduction of Fe** to Fe?**, together with the oxidation of organic
matter adsorbed onto the particulate hydrated Fe** oxide and subsequent reduction of Cr®* by the
Fe?*. The Cr** formed is then “ scavenged by Fe(OH); colloids formed simultaneously” (Kieber
and Heiz, 1992, cited in Katz and Salem, 1994) and incorporated into riverine sediments.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Draft Report - Do not cite or quote Chromium - 53

Chromium in Sediments
Chromium concentrations in marine sediments are
typically 60-100 ppm, which is similar to those of

Mogt sedimentary Cr isin duminosilicate

. . hases.
crustal' rock and reflects the I|thoggn| C nature of. ' Eegeneraﬂ on of sedimentary Cr leads to
chromium (Mayer, 1988). In addition, partitioning increased dissolved Cr concentrations above
studies tend to show most sedimentary chromium the sediment-water interface.

in aluminosilicate phases (Loring, 1979; Mayer
and Fink, 1980, cited in Mayer, 1988). Very little
information was available on the diagenesis of sedimentary chromium, however, evidence from a
few depth profiles suggests little redistribution of chromium due to diagenetic processes (Kato et
al., 1983; Kahn et al., 1984, cited in Mayer, 1988).

Dissolved chromium concentrations commonly increase just above the sediment-water interface as
chromium is regenerated from sediments into the overlying water column (Mayer, 1988).

Two processes are suggested for the remobilization of chromium from marine sediments into the
overlying water column (Mayer, 1988 and references therein): dissolution of biogenic material at
the sediment-water interface (particularly for siliceous tests which contain 8 ppm Cr); and,
catalytic oxidation of sedimentary Cr3* by manganese dioxide, which leads to remobilization of
highly soluble hexavalent chromium. Remobilization of chromium from near shore sediments may
be more intensive than from deep sediments because of the higher Cr content of near shore
sediment pore water (Douglas et al., 1986; Kahn et al., 1983, cited in Mayer, 1988) and higher
irrigation rates.

[11. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxa to exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystem

For aquatic biota, mobility and overall toxicity of chromium is affected by abiotic variables like
water hardness, temperature, and pH, in addition to biotic variables such as species sensitivity and
age (Eider, 1986a). Chromiumf* is expected to be more toxic to juvenile species in soft, acidic
waters. Waterborne pathways contribute more to aguatic exposure than do food-chain based
pathways. Chromium’stoxicity in fish results in interference of oxygen transfer acrossthe gills
(Na,CrQ,; CrO,?) (Van der Putte and Part, 1982).

Aquatic biota may be affected by chromium toxicity. Sublethal effectsinclude abnorma enzyme
activity, altered blood chemistry, behavior changes, disruption of osmoregulation, and inhibition of
photosynthesis (Eisler, 1986a). Freshwater fish and invertebrates exhibit reduced survival and
growth at ambient water concentrations as low as 10 to 16 pg/L (Outridge and Scheuhammer,
1993). Algal growth may be inhibited at exposures of 10 ppb (Eider, 1986a). Amphibian
receptors demonstrate acute toxicity (LCs,S) in the range of 0.03 to 100 mg/L from exposure
durations of lessthan 8 days. Extended exposures of Xenopus laevis to chromium (i.e., 100 days)
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indicated no effects to mortality, development, and growth between 1 to 3.2 mg/L (U.S. EPA,
1996). Considering the overlap in ranges of acute and chronic effects indicates that some species
of amphibians appear more tolerant than others. American black ducks exposed during afield
study to dietary chromium (10 pg/g body weight) for 10 weeks exhibited atered blood chemistry
and growth, decreased survival rates, but showed no change in reproductive success (chemical
form unspecified) (Custer et al., 1986).

Terrestrial Ecosystems

Acutetoxicity (50 - 100% mortality) resulted from oral ingestion (10-70 mg/kg body-weight) of
chromiunf* in animals. Death from acute chromium exposures is generally attributed to kidney
failure although impacts on the immune system have been noted aswell (Outridge and
Scheuhammer, 1993). Neurological impairment has been noted at doses of 102.1 mg/kg/day (oral
exposure) in rats (Diaz-Mayans et al., 1986). Sublethal chromium toxicity in mammals, as a result
of oral doses of chromiumf*, may be characterized by systemic effects (e.g., tissue damage)
(Outridge and Scheuhammer, 1993).

Chromium?* may also impact reproductive viability in both mammals and birds. Pregnant, female
albino mice given chromiumf*, as potassium dichromate, via drinking water showed an increase in
feta resorption aswell as pre and post implantation losses at doses of greater than 250 ppm
(Trivedi et a., 1989). Doses of 33 mg/kg/day in mice have been reported to reduce sperm count
and result in the degeneration of the seminiferous tubules (Zahid et al., 1990).

Once taken up into biota, hexavaent chromium isimmediately reduced to trivalent chromium,
making distinction of biological effects difficult (Zahid, et a. 1990). Additionally, it has been
suggested that although chromiunf* has a high potential for biological interaction, only a small
fraction of available chromiumf* is assimilated by exposed biota thereby reducing toxicity (Eider,
19864).

Impacts to other terrestrial receptors have not been well characterized. Plants generally contain
the mgjority of the biologically active chromium in the aquatic environment (Outridge and
Scheuhammer, 1993). The implications of this for food chain exposuresis uncertain. In addition,
worm reproduction was inhibited at 12.5 ppb (Eisler, 1986a); however, no other studies were
identified to determine impacts to the soil community.
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Figure6: Chromium: Effect Rangesfor Ecological Receptors

V. Bioaccumulation Potential

Freshwater Ecosystems

Toxic effects attributabl e to the bioaccumulation of chromium within the food chain are expected
to be minimal (Eider, 19864). Although chromium may accumulate to toxic levelsin some
receptors, most organisms die before accumulating levels of chromium potentialy toxic to a
predator. Biomagnification is thus unlikely to occur. Aswith some other metals, chromium
concentrations in biota have been noted to decrease with increasing trophic level (Outridge and
Scheuhammer, 1993). Bioconcentration factors (BCFs) of 0.13 (L/kg) and 2.8 (L/kg) cited by
Stephan (1993) in the form of Cr6+ were used to arrive at a geometric mean of 0.60. Because
whole-body BCFs are not available, the measured BCFs of muscle of rainbow trout (Salmo
gairdneri) is used. Insufficient data were identified to determine a BCF value for other aquatic
organisms.

Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, aBAF of 3.2 was proposed for chromium based on 67 data
points. For terrestrial plant there was no was BCF proposed. For small mammals, based on 38
reported values assessing the transfer of chromium from soil to small mammals, aBAF of 0.33
was proposed (Sample et a., 1997; Samples et al., 1998). These values were used to model food
chain exposures to terrestrial species for this analysis, because currently, they stand as the most
comprehensive collection of bioaccumulation data for terrestrial ecological receptors (Sample et
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al., 1997; 1998a; 1998b).
V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor, and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCLs) in soil or surface water was developed. Since CSCLs for receptors other than mammals
and birds were aready in media concentrations, this same derivation process was not required. A
summary table of CSCLs are provided in Table 1. Although CSCL s were devel oped for numerous
wildlife receptors of both the aguatic (e.g., otter, mink, and great blue heron) and terrestrial
ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1. By
protecting, the more sensitive species, protection to other receptorsis assumed.

Mammals: Severa studies were identified which investigated the effects of chromium® exposure
inmammals. Zahid et a. (1990) fed male mice potassium dichromate in feed at doses of 100, 200
and 400 ppm. After 7 weeks of treatment, the group receiving 100 ppm exhibited reduced sperm
counts and degeneration of the outer cellular layer of seminiferous tubules. Morphologically
atered sperm were seen in the rats receiving 200 ppm sodium dichromate. To convert to adaily
dose value, the 100 ppm concentration was multiplied by the reported food consumption per
animal (0.0075 kg/day) and divided by an average of the reported mice body weights (0.023 kg).
A LOAEL of 33 mg/kg-day resulted for reproductive effects. Because the Zahid et a. (1990)
study considered reproductive effects, illustrated a clear dose-response relationship and
represents the lowest LOAEL identified for reproductive effects, it was chosen for the derivation
of aCSCL vaue. The selected study LOAEL, 33 mg/kg-day, was divided by 10 to provide a
conservative LOAEL-to-NOAEL safety factor.

Other benchmark studies for mammals were identified and evaluated for CSCL devel opment.
Trivedi et a. (1989) administered 250, 500 and 1000 ppm Cr®* as potassium dichromate in
drinking water to female mice during gestation days 1 through 19. Mice given the lowest dose,
250 ppm, exhibited greater incidences of resorption and post-implantation losses, resulting in a
LOAEL for reproductive effects of 250 ppm. To convert this value to a daily dose in units of
mg/kg-day, an allometric equation for water consumption for laboratory mammals was used (U.S.
EPA, 19884)

Water Consumption (L/day) = 0.10(W°737)

where W is body weight in kilograms. Using the reported body of weight 0.03 kg and a calculated
daily water consumption of 0.008 L/day, the ppm dose was converted to a daily dose LOAEL of
67 mg/kg-day. In another study (Diaz-Mayans et al., 1986), rats were given chromium® as sodium
chromate in drinking water at dosage levels of 70 mg/L and 700 mg/L. After 28 days decreasesin
motor activity and balance were seen in the group receiving 700 mg/L. No adverse effects on
motor activity were exhibited by the treatment group receiving 70 mg/L. Thisimpliesa NOAEL of
70 mg/L and a LOAEL of 700 mg/L for neurological effects. The mg/L doses were converted to
daily doses through the use of the allometric equation (U.S. EPA, 19884) presented above. Based
on the reported body weight of 0.24 kg, the water consumption rate was estimated as being 0.03
L/day. Thisresulted in an estimated NOAEL of 8.8 mg/kg-day and an estimated LOAEL of 88
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mg/kg-day. The Trivedi et al. (1989) study was not chosen for the development of a mammalian
benchmark because the derived LOAEL was not the lowest value in the data set and would
therefore not be appropriate as the benchmark value. The Diaz-Mayans et a. (1986) study was not
selected because it focused on neurological impairment as the primary endpoint rather than
reproductive or developmental endpoints.

It is expected that the selection of toxicity studies utilizing chromium® will provide a conservative
basis for benchmark devel opment for waterborne pathways. However, uncertainty regarding the
impact of variable and interchanging oxidation states and chemical forms may confound the
interpretation of toxic effect. It should be noted that the use of a chromiumf* benchmark to model
pathways involving the consumption of metabolized chromium (e.g., chromium in animals or plants
that have been exposed to chromiun®* and then converted it to chromium ) may be inappropriate.

Birds: Study done by Haseltine et a., unpubl. data (as cited by Sample et al., 1996) were used to
derive CSCLsfor birds. They examined chromium’s effects on the reproduction of black duck
with adiet of 10 and 50 ppm. Ducklings treated with 50 ppm exhibited mortality. Because the
study was conducted during a critical growth period, a NOAEL of 10 ppm and aLOAEL of 50
ppm can be inferred for developmental effects. Asreported by Sample et a. (1996), the NOAEL
for duckling is 1 mg/kg-day and the LOAEL is5 mg/kg-day. Additional avian toxicity datawere
not identified for birds representing the terrestrial ecosystem. Therefore, the study used for
freshwater ecosystem was also used to calculate terrestrial avian CSCLs values.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 8.6E-02 mg/L for chromium®* and
the FCV of 1.1E-02 mg/L for chromium VI developed under the GLWQI were selected asthe
appropriate criteriato usein thisanalysis. The GLWQI values were considered preferable to the
NAWQC because: (1) the GLWQI values are based on the same methodol ogy used to develop
NAWQC (i.e., Stephan et d., 1985); (2) the NAWQC data set was augmented with previously
unavailable acute and chronic toxicity data; and (3) species taxa used to generate the GLWQI
values are suitable for national application since they include species and taxa found throughout
the United States. Thetoxicity of chromium?* is hardness dependent; therefore, the FCV (in pug/L)
was cal culated using the following equation (U.S. EPA, 19953), assuming awater hardness of 100
mg/L as calcium carbonate (CaCOs):

e0.819(ln hardness) + 0.6848

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). Consequently, the FCV for chromium?®* and
chromium?* were adjusted to provide dissolved concentrations as described in 60 FR22231
(Water Quality Sandards...Revision of Metals Criteria). The chromiun?* FCV was adjusted
using a conversion factor (CF) of 0.860 for chronic effects to give a dissolved surface water
CSCL of 7.4E-02 mg/L. The chromiun®* FCV was adjusted using a CF of 0.962 to yield a
dissolved surface water CSCL of 1.1E-02 mg/L. This adjustment reflects the current Agency
position on criteria development and regulatory application of metals, however, the issue of metal
biocavailability in surface waters is the topic of intensive research (e.g., Bergman and Dorward-
King, eds, 1997). For example, the relationship between water characteristics (e.g., dissolved
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organic matter), copper bioavailability, and toxicity has been investigated in some detail (e.g.,
Allen and Hansen, 1996). For completeness, the total and dissolved surface water CSCLs are
presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of chromium toxicity on reproductive or developmenta endpoints in amphibian species; however,
several acute studies were identified characterizing chromium toxicity. Review of data collected
from six experiments indicate that the acute toxicity of chromium ranges from 0.03 to 100 mg/L,
with a geometric mean of 9.8 mg chromium/L. Acute studies were conducted on various
amphibian species (i.e., Six amphibian species represented) during embryo and tadpole lifestages.
Chemical exposures were conducted with chromium trioxide and potassium dichromate. The
observation that the lowest acute amphibian value approximates the FAV, of 0.016 mg chromium/L
determined for the freshwater community indicates that ssimilar sensitivities are present between
species. One chronic study indicated no effects to reproductive and developmental endpoints of
devel oping Xenopus laevis tadpoles exposed for 100 daysto 3.2 mg chromium/L. Given that
minimal chronic datawas available, a CSCL of 9.8 mg chromium/L was derived based on acute
toxicity. Sincethe CSCL isbased on acute data (i.e., lethality), the severity of the potential
adverse effects that this CSCL s indicates should be noted. Investigations are ongoing to review
the possibility of incorporating amphibian datainto the NAWQC. Since amphibian species are
likely to breed in standing waters such as wetlands or ponds, the appropriateness of combining
protective levels of amphibian receptors and the freshwater community is unclear at thistime
(Power et d., 1989; U.S. EPA, 1996).

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, criteria are developed estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards, rather, they
are used to rank sites based on the potential for adverse ecological effects. A second criteria
document evaluated for sediment criteria devel opment was the Approach to the Assessment of
Sediment Quality in Florida Coastal Waters Volume 1- Development and Evaluation of
Sediment Quality Assessment Guidelines) (MacDonald et al., 1994) published by the Florida
Department of Environmental Protection (FDEP). The criteria developed by FDEP were also
based on the NOAA data; however, the method of derivation of the criteriawas changed. FDEP
caculated the criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50
percentile of no effects data and the 15" percentile of the low effects data. The NOAA data, used
in both documents, is based on total metal concentrations in sediments, and the toxicity endpoints
were measured on species of amphipods, arthropods, and bivalves in addition to a variety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criterion was chosen above the NOAA criterion for the following reasons; (1) the
same database was used for both the NOAA criteria and the FDEP criteria development only
different derivation methods were used; (2) in most cases, the FDEP criterion was more
conservative than the NOAA criterion because alarger portion of the low effects data was used in
CSCL development; (3) the marine TEL developed by the FDEP were found to be analogous to
TEL s observed in freshwater organisms (Smith et al., 1995).

The CSCL for chromium was derived from 354 toxicity data points for low and no effects levels.
For the screening level analysis of chromium, the TEL of 5.2E+01 mg chromium/kg sediment was
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selected as an appropriate sediment CSCL. Based on the quality and quantity of chromium
sediment data, the degree of confidence in the TEL value for chromium was considered high
(MacDonald, 1994).

Algae and Aquatic Plants: The CSCLs for aguatic plants were either: (1) ano observed effects
concentration (NOEC) or alowest observed effects concentration (LOEC) for vascular aquatic
plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of freshwater algae,
frequently a species of green algae (e.g., Selenastrum capricornutum). The aquatic plant CSCL
for chromium?* is 2 E-03 mg/L based on the incipient inhibition of Microcystis aeruginosa. Low
confidenceis placed in this CSCL sinceit is only based on one study.

Terrestrial Plants: As presented in Efroymson et al. (1997a), phytotoxicity CSCL s were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected asthe CSCL. Such LOECs applied to reductionsin plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of a plant population to
sustain itself. The selected CSCL for phytotoxic effects of chromium in soilsis 1 mg chromium/kg
soil which is based on 7 phytotoxicity studies conducted using primarily agricultural (e.g., lettuce,
tomato, oats) species measuring growth endpoints such as shoot weight. Considering this CSCL
was based on severad studies identifying effects on various species, confidence in this CSCL is
moderate (Efroymson et al., 1997a).

Soil Community: CSCLs identified in Efroymson et a. (1997b), al fell below mean background
concentrations; therefore, the soil quality guideline of 64 mg/kg soil developed by the Canadian
government was proposed. This CSCL was developed as a protective level to ensure that long-
term crop development and livestock production could continue on soils demonstrating
concentrations at or below the CSCL. Since the methodology was not presented in detail, the
specific derivation methods and intrinsic assumptions could not be assessed; therefore, the CSCL
should be used with caution.(CCME, 1997).




Table1l. Chromium CSCLsin Sail, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway
h Aquatic
z Mammals 4.5E+00 mg/L water Food web River Otter Zahid et al., 1990
m Birds 4.1E+00 mg/L water Food web Kingfisher Sampleet al., 1996
Algae and Aquatic Plants 2.0E-03 mg/L water Direct contact | Microcystis aeruginosa Suter and Tsao, 1994
Z Freshwater Community
Total (Cr*) 8.6E-02 mg/L water Direct contact | Aquatic biota U.S. EPA, 1996b
:. Dissolved (Cr®) 7.4E-02 | mg/L water Direct contact | Aquatic biota U.S. EPA, 1996b; 60FR22229
Total (Cr®) 1.1E-02 mg/L water Direct contact | Aquatic biota U.S. EPA, 1996b
U' Dissolved (Cr®) 1.1E-02 mg/L water Direct contact | Aquatic biota U.S. EPA, 1996b; 60FR22229
Benthic Community 5.2E+01 mg/kg sediment Direct contact | Benthos MacDonald, 1994
o Amphibians (acute effects) 9.8E+00 mg/L water Direct contact | Variousamphibian species Power et al., 1989; U.S. EPA, 1996
a Terrestrial
m Mammals 1.7E+02 mg/kg soil Food web Raccoon Zahid et al., 1990
Birds 1.9E+01* | mg/kg soail Food web American woodcock Sampleet al., 1996
> Mammals 8.8E+00 mg/kg plant Food web Meadow vole Zahid et al., 1990
—d Birds 2.3E+01 tissue Food web Northern bobwhite Sampleet al., 1996
Plant Community 1.0E+00* | mg/kg plant Direct contact | Soybean, lettuce, tomato, oat | Efroymson et al., 1997a
: Soil Community 6.4E+01 tissue Direct contact | Soil invertebrates CCME, 1997
u mg/kg soil
mg/kg soil
u This CSCL should not be used because it is below soil background concentrations (lowest mean background concentration 37 mg/kg chromiunvkg soil). This exceedance may
q be an artifact of our back-calculation method for avian receptors(i.e., calculating media-specific CSCLs from the benchmark study). Secondly, the CSCL s exceeding for the
plant and soil community is probably related to bioavailability. Toxicity experimentsin the lab usualy expose receptors to a more bioavailable form of the constituent giving a
ﬁ lower toxicity values to base the CSCLs on.
Q.
L
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Ecotoxicological Profile for Ecological Receptors
Copper

This ecotoxicological profile on copper contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of copper so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Copper isametallic element, occurring naturally in rock, soil, water, sediment, air, and biota. In
aqueous solutions, copper can exist in the +1 and +2 valance states. Copper* predominatesin
relatively reducing conditions, whereas Cu?* dominates in oxidizing conditions.

Most of the anthropogenic release of copper to the environment isto land (Syracuse Research
Corp., 1989). Background concentrations in soils throughout the United States range from less than
1 to 700 ppm, with amean value of 25 ppm (Dragun and Chiasson, 1991). Near copper
production sites, however, concentrations of nearly 7000 ppm have been measured. Copper from
wastesisusualy in aninert mineral form, and so islargely immobile and unavailable to biota.
Most copper in the soil environment isin mineral form or strongly bound to particles, although
some soluble copper compounds may become more available for uptake by plants and animals. In
water, typical copper concentrations range from 4 to 10 ppb. Free copper ion concentrations are
generaly very low, as most copper will be strongly adsorbed to organic matter. The freeionic
form of copper is much more toxic to aguatic biota than copper which is complexed with
dissolved organic matter or with SPM or colloidal matter. Copper is an essentia nutrient for all
living organisms; however, long-term exposure to elevated levels of copper may have adverse
effects, including liver and kidney damage, increased blood pressure, decreased hemoglobin, and
decreased survival (Syracuse Research Corp., 1989).
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II. Geochemistry of Copper in Various Ecological Media

Copper in Soils

Most copper (Cu) deposited in soilswill be

strongly adsorbed and held within the upper few ' Most copper s strongly adsorbed in soils.

centi r%lgters of the soil (ATSDR, 1989) pIpn ! Cf,ppi b'dnds more strongly in soils than do
’ : other divaent cations.

genera, copper will adsorb to organic matter, ! Organic matter, pH, and ionic strength are

carbonate minerals, clays, and hydrousiron- key parameters affecting the adsorption of

manganese oxides (ATSDR, 1989 and references copper in soils.

therein). In most temperate soils, pH, organic
matter content, and ionic strength are the key
parameters affecting adsorption (ATSDR, 1989 and references therein). Copper binds more
strongly to soil than other divalent cations and the distribution of copper in soil solutionisless
dependent on pH than isthat of other metals (ATSDR, 1989 and references therein). Numerous
workers have undertaken field and experimental studies to investigate the processes controlling
copper speciation in soils (ATSDR, 1989 and references therein). Elliot et al. (1986, cited in
ATSDR, 1989) studied pH-sensitivity on Cd, Cu, Pb, and Zn adsorption in mineral and organic-
rich soils. They determined that adsorption increased with increasing pH, and that Cu and Pb
were more strongly adsorbed than Cd and Zn. Removal of the organic matter from these soils
resulted in a decrease in the adsorption of Cu, demonstrating the importance of organic matter in
copper adsorption. Similarly, in leaching experiments with mineral and peat (high organic matter)
soils, Cu was leached more slowly and in much lower concentrations than Zn, Cd, and Ni (Tyler
and McBride, 1982 cited in ATSDR, 1989). Other studies have shown that copper is generally
retained within the upper most layers of the soil when applied in either solid (e.g., Sludge) or
liquid (e.g., waste water effluent) form (ATSDR, 1989 and references therein).

Copper in Surface Waters
Copper is relatively mobile in the aqueous

. . . 1 Copper isrelatively mobile in the aqueous
environment. Copper in aqueous waters can exist environment, Copper can exist as the
inthe +1 or +2 valance states. Cooper* hydrated ion, asinorganic complexes, and as
predominates under relatively reducing organic complexes in natural waters.
conditions, whereas CL?* dominates under ' CuP”, CUHCO,)", Cu(OH), are mgjor soluble

. .. species of copper in natural waters.
oxidizing conditions. ! The behavior of copper is strongly controlled
by geochemical processes (interaction with
In natural WaterS, Copper can ex|$ as the dissolved organic matter, association with

SPM and colloids). Biological processes have
little influence on its behavior.

hydrated ion, as inorganic complexes, and as
organic complexes. Under oxidizing conditions,
Cu?* is the dominant species major soluble
copper species within the pH range of natura
waters are Cu?*, Cu(HCO,)*, and Cu(OH), (Long and Angino, 1977, cited in ATSDR, 1989).
However, within the range of pH and carbonate concentrations of natural waters, most copper
exists complexed with carbonate rather than as free Cu?*. Moreover, in most natural waters,
biogeochemical processes (e.g. adsorption, complexation) reduce free Ci#* concentrations to very
low levels.

In rivers, the behavior of copper is primarily controlled by geochemical processes (Hart and
Hines, 1995). Copper behavior is heavily dependent upon the balance between complexation with
dissolved organic matter and association with suspended particul ate matter (SPM) and colloidal
matter. Biological processes have only a minor influence on its behavior.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Draft Report - Do not cite or quote Copper - 63

A survey of nineriversin the U.K. showed 43-88% of the copper analyzed was in the particulate
phase (Stiff, 1971, cited in ATSDR, 1989). Experiments using SPM from the Flint River,
Michigan, showed that the fraction of copper adsorbed increased with increasing pH, reaching a
maximum at pH 5.5-7.5 (Mcllroy et d., 1986, cited in ATSDR, 1989).

The dissolved (< 0.4Fm) phase includes free ionic copper, soluble copper complexes, fine
particulates and colloids (which may include hydroxides and complexes with amino acids)
(ATSDR, 1989). Different forms of copper are labile (i.e., mobile and bioavailable) to different
degrees. For example, freeionic copper isvery labile, whereas colloid-bound copper is non-
labile (Tan et al., 1988, cited in ATSDR, 1989). Typically, 18-70% of dissolved copper in river
water is moderately labile, and 12-30% slowly labile (Tan et al., 1988, cited in ATSDR, 1989)
(n.b., the definitions are method-dependent and indicate relative rather than specific behavior).

Both pH and the presence of competing ligands affect the complexation of copper with inorganic
and organic ligands. For example, in river water from the northwestern USA with relatively high
pH (7.0-8.5) and alkalinity (24-219 ppm as CaCQOs), inorganic copper species were dominant at
both high and low copper concentrations. Conversely, in lake and river water from Maine with
relatively low pH (4.6-6.3) and akalinity (1-30 ppm as CaCQOs), organic-copper complexes were
dominant. However, following a period of rainfall which increased the inorganic load of the lakes
and rivers (pH and akalinity increased), inorganic copper complexes became the dominant
species present in the water column (Truitt and Weber, 1981, cited in ATSDR, 1989).

Shafer et al. (1997) determined that the characteristic partitioning behavior (between dissolved
(< 0.4 Fm) and particulate (> 0.4 Fm) phases) of copper in two Wisconsin rivers exhibited very
strong complexation by dissolved organic carbon (DOC) and relatively low clay partitioning.
Comparing the characteristic behavior of lead (Pb), zinc (Zn), cadmium (Cd), and copper (Cu),
partitioning of the metalsto SPM followed the trend Pb>Zn>Cd>Cu and their association with
DOC appeared to follow the trend Cu>Cd>Zn>Pb (Shafer et al., 1997).
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Copper_in Sediments
Sediment is an important sink and reservoir for

. 1 Sediment is an important sink for copper.
copper (A_TSDR’ 1989)' Inrel atlvely ) 1 In aerohic sediments, the distribution of
uncontaminated sediment, copper concentrations are copper is dominated by its adsorption to
<50 ppm, whilst contaminated sediment may contain organic matter and iron oxidesin the
severd thousand ppm copper (ATSDR, 1989). The | | sediment. .
distribution of copper in aerobic sedimentsis i Anoxic sediments afe usually asink for

IStr1 pper _ _ copper, but soluble Cu(l) sulfides may
dominated by adsorption to organic matter and iron potentially form releasing copper into
oxides (ATSDR, 1989). In oxidized estuarine solution.

sediments, copper adsorption is dominated by
amorphous iron oxides and humic material (Fuhrer,
1986, cited in ATSDR, 1989). Davies-Colley et al. (1984, cited in ATSDR, 1989) experimentally
determined the adsorption of copper to hydrous iron and manganese oxides, montmorillonite,
aluminosilicates, and organic matter in aerobic estuarine sediment. The binding affinity of copper
varied by afactor of 10* in the order: hydrous manganese oxide > organic matter > hydrousiron
oxide > aluminosilicates > montmorillonite. The binding affinities increased somewhat with
increasing pH, but were not much affected by decreasing salinity. Given the composition of the
estuarine sediment, their findings agreed with Fuhrer (1986, cited in ATSDR, 1989 and others
(ATSDR, 1989 and references therein) in that copper was bound predominantly to organic matter
and iron oxides (manganese oxide concentrations were low and contributed 7 1% overall binding
in the sediment).

In anaerobic sediments, Cu?* may be reduced to Cu(l) (ATSDR, 1989). According to Davies-
Colley et a. (1985 cited in ATSDR, 1989), precipitation of cuprous sulfide and the formation of
copper bisulfide and/or polysulfide complexes determine the behavior of copper in anaerobic
sediments. Usually, when free sulfide concentrations are low owing to the coexistence of iron
oxide and sulfide, anaerobic sediments are asink for copper. However, if free sulfide
concentrations are high, soluble cuprous sulfide complexes may form giving rise to high copper
concentrations in pore water (ATSDR, 1989).

[11. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxa to exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater ecosystem

Acute copper exposures to agquatic organisms have resulted in adverse effects at concentrations of
6.0 ng/L (CuSO,; Cu**) for the amphipod (Gammar us pseudolimnaeus) and 10,200 ng/L for
bluegill (Lepomis macrochirus). Chronic exposures to fish have resulted in adverse effects at
concentrations of 3.9 ng/L to 60 ng/L for brook trout (Salvelinus fontinalis) and northern pike
(Esox lucius), respectively (US EPA, 1984). Copper concentrations ranging from 1 to 8,000 ng/L
(chemical form unknown) have demonstrate to cause growth inhibition in various aquatic plant
species (US EPA, 1984). Data suggest that TOC has more impact in reducing the toxicity than
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other factors such as hardness and temperature. Effects resulting from copper exposure include
growth inhibition in plants, avoidance behavior by fish, and death (US EPA, 1984).
Concentrations resulting in lethality (L Cs,S) range from 0.04 to 27 mg copper/L. Chronic toxicity
tests exposing amphibian species (i.e., Xenopus laevis) at the tadpole stage to 0.05 mg copper/L
for 4 days resulted in no effects to survival whereas no effects to metamorphosis were indicated at
concentrations of 0.02 mg copper/L after 61-day exposures to other tadpole species (i.e., Bufo
boreas) (Power et al., 1989; U.S. EPA, 1996).

Terrestrial Ecosystems

Depending on the chemical form of copper, acute LDs, for rats range from 140 to 960 mg/kg body
weight. Copper chloride (CuCl,) appearsto be the more toxic form. Rat ora LDs, values are
140 mg/kg for copper chloride (CuCl.,); 470 mg/kg for copper oxide (Cu,0); 940 mg/kg for copper
nitrate (Cu(NOs),); and 960 mg/kg for copper sulfate (CuSO,) (Stokinger, 1981). Death in animals
given lethal doses of copper have caused by extensive liver damage (CCME, 1997).

Aulerich et a. (1982) reported an increased mortality rate in the offspring of minks fed a diet
supplemented with greater than 3 mg copper/kg-day as copper sulfate (CuSO,) for 50 weeks.
Although kit mortality was greater and litter mass was reduced relative to controls, reproductive
performance of mink fed diets supplemented with up to 200 ppm copper for 357 days was within
the normal range for the species (Aulerich et a., 1982). Lifetime exposure to 42.4 mg copper /kg-
day (as copper gluconate) in drinking water caused a decrease in the maximal life span in mice
(Massie and Ai€llo, 1984). Interrestria plants, no effects were indicated at copper
concentrations of 100 mg/kg soil, but low effects levels were indicated in the range of 100 to 200
mg/kg soil (Efroymson et al., 1997a). Soil biota appeared to be dightly more tolerant to copper
exposure with no effects levels and low effects ranges of 13 to 1000 mg/kg soil and 51 to 2500
mg/kg soil, respectively, measuring toxicity endpoints of survival, growth, and reproduction
(Efroymson et al., 1997b).

V. Bioaccumulation Potential

Freshwater Ecosystems

Bioconcentration factors (BCFs) of 0 L/kg was used for copper (Cu?*). Thisis based on the result
that no bioconcentration was seen in bluegill muscle tissue. Concentration of copper in whole fish
can be presumed to be close to that of whole fish (Stephan, 1993).
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Figure7. Copper: Effects Rangesfor Ecological Receptors

Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, a BAF of 1.5 was proposed for copper based on 197 data
points. For terrestrial plants, an BCF of 1.5 was proposed using plant uptake factors. For small
mammals, based on 76 reported values ng the transfer of copper from soil to small
mammals, a BAF of 1.0 was proposed (Sample et a., 1997; Sampleset a., 1998; U.S. EPA,
1992). Thesevalues were used to model food chain exposures to terrestrial speciesfor this
analysis, because currently, they stand as the most comprehensive collection of bioaccumulation
datafor terrestrial ecological receptors (Sample et al., 1997; 1998a; 1998b).

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCL5s) in sail, plants or surface water was developed. Since CSCLs for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
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required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals. Two studies were identified which investigated the effects of copper exposurein
mammals. One study documented mammalian wildlife exposure to copper. Devel opmental
endpoints were investigated in mink mating pairs fed adiet of 25, 50, 100 or 200 ppm copper for
357 days (Aulerich et al., 1982). Although no adverse effects were seen at the lowest dose,
increased mortality of offspring from birth to 4 weeks occurred in the group given 50 ppm.
Therefore, aNOAEL of 85.5 ppm (25 + 60.5 ppm in basal diet) and a LOAEL of 110.5 ppm (50 +
60.5 ppm in basal diet) were inferred based on these developmental effects in young mink.
Conversion of these doses into daily doses in units of mg/kg-day required the use of an allometric
equation for mammals (Nagy, 1987):

Food consumption (g/day) = 0.235(\\°82?)

where W is body weight in grams. Assuming an average body weight of 745 g (the geometric
mean of the control females body weight at the start of the study (517 g) and at end of study (1,074
0)), and acalculated daily food consumption rate of 54 g/day, the NOAEL of 85.5 ppm and the
LOAEL of 110.5 ppm were converted to daily doses of 6.2 mg/kg-day and 8.0 mg/kg-day,
respectively. The Aulerich et al. (1982) study was considered the most suitable for the derivation
of abenchmark value because (1) the mink belongs to the same taxonomic family asthe
representative freshwater wildlife species, and (2) doses were administered over a chronic
duration and via oral ingestion, an ecologically significant exposure pathway; (3) the study
focused on reproductive toxicity as acritical endpoint; and (4) it contained adequate dose-
response information.

In another study, Lecyk (1980) examined copper toxicity to laboratory mice. Mating mice were
fed diets containing copper doses ranging from 0.5 to 4 g/kg-diet for 1 month prior to mating until
gestation day 19. No significant increasesin fetal mortality or malformative effects were seen for
doses of 2 g/kg-diet or less. However, higher dose levels of 3 and 4 g/kg-diet were fetotoxic and
teratogenic, suggesting aNOAEL of 2 g/lkg-diet and aLOAEL of 3 g/kg-diet. Since no information
describing animal weights or dietary consumption was provided, the geometric mean body weight
and daily food consumption from several strains of mice were used to calculate adaily dose (U.S.
EPA, 1988a). Thus, assuming an average body weight of 0.035 kg and afood consumption rate of
0.014 kg/d (U.S. EPA, 1988a), the NOAEL of 2 g/kg-diet and the LOAEL of 3 g/lkg-diet were
converted to 800 mg/kg-day and 1200 mg/kg-day, respectively.

Because of the lack of additional mammalian toxicity studies, the same surrogate-species study
(Aulerich et al, 1982) was used to derive copper toxicological benchmarks for terrestrial
mammals.

Birds. No studies were identified which investigated the effects of copper toxicity in avian
species.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Values (FCV) derived under the Great Lakes Water Quality
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Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 9.3E-03 mg/L for copper
developed under the GLWQI was selected as the appropriate CSCL to use in thisanalysis. The
GLWQI value was considered preferable to the NAWQC because: (1) the GLWQI value is based
on the same methodology used to develop NAWQC (i.e., Stephan et al., 1985); (2) the NAWQC
data set was augmented with previoudly unavailable acute and chronic toxicity data; and (3)
species taxa used to generate the GLWQI value is suitable for national application since they
include species and taxa found throughout the United States. The toxicity of copper is hardness
dependent; therefore, the FCV (in pg/L) was calculated using the following equation (U.S. EPA,
1995a), assuming awater hardness of 100 mg/L as calcium carbonate (CaCOs):

e0.8545(|n hardness) - 1.702

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the biocavailability of metals (e.g., Prothro, 1993). Consequently, the FCV for copper was adjusted
to provide dissolved concentrations as described in 60 FR22231 (Water Quality
Sandards...Revision of Metals Criteria). The copper FCV was adjusted using a conversion
factor (CF) of 0.960 for chronic effects to give a dissolved surface water CSCL of 8.9E-03 mg/L.
This adjustment reflects the current Agency position on criteria development and regulatory
application of metals;, however, the issue of metal bioavailability in surface watersis the topic of
intensive research (e.g., Bergman and Dorward-King, eds, 1997). For example, the relationship
between water characteristics (e.g., dissolved organic matter), copper bioavailability, and toxicity
has been investigated in some detail (e.g., Allen and Hansen, 1996). For completeness, the total
and dissolved surface water CSCLs are presented in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
of copper toxicity on reproductive or developmental endpointsin amphibian species; however,
several acute studies were identified characterizing copper toxicity. Review of data collected
from 14 experiments indicate that the acute toxicity of copper ranges from 0.04 to 27 mg/L, with a
geometric mean of 1.1 mg/L. Acute studies were conducted on various amphibian species (i.e.,
twelve amphibian species represented) during embryo, tadpole, and adult lifestages. Chemical
exposures were conducted with copper chloride and copper sulfate. The observation that the
lowest acute amphibian value is still higher than the FAV, of 0.018 mg copper/L determined for
the freshwater community indicates that many amphibian species may be protected from acute
exposures by the aguatic community FAV. Subchronic ecotoxicity data identified indicated a
NOEC and LOEC of 0.05 and 0.10, respectively for the species Xenopus laevis; however, this
data was generated using 96-hour exposures which may not indicate the extent of chronic effects
that may be observed during longer exposures (e.g., greater than 15 days). One study indicated
after exposure to 0.02 mg copper/L for 61 days no effect to metamorphosis was observed. Given
the lack of chronic amphibian data, a CSCL of 1.1 mg copper/L was proposed based on acute
toxicity. Sincethe CSCL is based on acute data (i.e., lethality), the severity of the potential
adverse effects that this CSCL indicates should be noted. Especially since LOEC and NOEC data
fall below the acute CSCL. Investigations are ongoing to review the possibility of incorporating
amphibian data into the NAWQC. Since amphibian species are more likely to breed in standing
waters such as wetlands or ponds, the appropriateness of combining protective levels of
amphibian receptors and the freshwater community is unclear at thistime (Power et a., 1989; U.S.
EPA, 1996).
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Algae and Aquatic Plants: The benchmarks for aquatic plants were either: (1) ano observed
effects concentration (NOEC) or alowest observed effects concentration (LOEC) for vascular
aquatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of freshwater
algae, frequently a species of green agae (e.g., Selenastrum capricornutum). The aguatic plant
CSCL for copper is 1E-03 mg/L based on alag in growth of alga (Suter and Tsao, 1996). Low
confidenceis placed in this CSCL sinceit is only based on one study.

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, criteria are developed estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards; rather, they
are used to rank sites based on the potential for adverse ecological effects. A second criteria
document evaluated for sediment criteria devel opment was the Approach to the Assessment of
Sediment Quality in Florida Coastal Waters Volume 1- Development and Evaluation of
Sediment Quality Assessment Guidelines) (MacDonald et al., 1994) published by the Florida
Department of Environmental Protection (FDEP). The criteria developed by FDEP were also
based on the NOAA data; however, the method of derivation of the criteriawas changed. FDEP
caculated the criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50
percentile of no effects data and the 15" percentile of the low effects data. The NOAA data, used
in both documents, is based on total metal concentrations in sediments, and the toxicity endpoints
were measured on species of amphipods, arthropods, and bivalves in addition to a variety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criterion was chosen above the NOAA criterion for the following reasons; (1) the
same database was used for both the NOAA criteria and the FDEP criteria development only
different derivation methods were used; (2) in most cases, the FDEP criterion was more
conservative than the NOAA criteria because alarger portion of the low effects data was used in
criteria development; (3) the marine TEL developed by the FDEP were found to be analogous to
TEL s observed in freshwater organisms (Smith et a., 1995).

The CSCL for copper was derived from 440 toxicity data points for low and no effects levels. For
the screening level analysis of copper, the TEL of 1.9E+01 mg copper/kg sediment was selected
as an appropriate sediment CSCL. Based on the quality and quantity of copper sediment data, the
degree of confidence in the TEL value for copper was considered high (MacDonald, 1994).

Terrestrial Plants. As presented in Efroymson et al. (1997a), phytotoxicity CSCL s were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected asthe CSCL. Such LOECs applied to reductions in plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of aplant population to
sustain itself. The selected CSCL for phytotoxic effects of copper in soilsis 100 mg copper/kg
soil (Efroymson et al., 1997a) based on reduced root and shoot weightsin little bluestem. The
derivation of the CSCL is based on comparison of three phytotoxicity data points on agricultura
(e.g., barley, beanbush) species measuring growth endpoints such shoot and root weight.
Considering this CSCL was based on limited phytotoxicity data on only afew species (e.g.,
choosing the lowest values of the three data points), confidence in this CSCL islow.

Soil Community: CSCLsfor soil from community-based effects presented in Hazardous Waste
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Identification Rule (RTI, 1995b) of 21 mg/kg was proposed for copper. This value developed
from various different soil-based organisms may be more appropriate than CSCLswhich are
based on single soil species such as earthworms. Calculation of the CSCLsinvolves
incorporating the no observed effects concentration (NOEC) and lowest observed effects
concentration (LOEC) data set for soil biota and to a statistically derived formulation designed to
protect 95% of the species potentially present in soil. The CSCLs proposed herein will provide
long-term sustainability of afunctioning soil community for multiple uses of the affected area, such
as agriculture and residential use (RTI, 1995b). Because 10 studies were used to derive this
value, confidence in this CSCL is moderate.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Tablel. Copper CSCLsin Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway

Aquatic

Mammals 4.0E+01 mg/L water Food web River Otter Aulerich et al., 1982

Birds 5.9E+02 mg/L water Food web Kingfisher Sampleet al., 1996

Algae and Aquatic Plants 1.0E-03 mg/L water Direct contact | Algae species Suter and Tsao, 1996

Freshwater Community

Tota 9.3E-03 mg/L water Direct contact | Aquatic biota U.S. EPA, 1995b
Dissolved 8.9E-03 mg/L water Direct contact | Aquatic biota U.S. EPA, 1995b; 60FR22229

Benthic Community 1.9E+01 mg/kg sediment Direct contact Benthos MacDonald, 1994
Amphibian (acute effects) 1.1E+00 mg/L water Direct contact | Various amphibian species Power et al., 1989; U.S. EPA, 1996
Terrestrial

Mammals 8.0E+02 mg/kg soil Food web Raccoon Aulerich et al., 1982

Birds 9.1E+02 mg/kg soil Food web American woodcock Sampleet al., 1996

Mammals 4.1E+01 mg/kg plant Food web Meadow vole Aulerich et al., 1982

Birds 9.0E+02 tissue Food web Northern bobwhite Sample et a., 1996

Plant Community 1.0E+02 mg/kg plant Direct contact Bluestem Efroymson et al., 1997a

Soil Community 2.1E+01 tissue Direct contact | Soil invertebrates RTI, 1995b

mg/kg soil
mg/kg soil
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Ecotoxicological Profile for Ecological Receptors
Lead

This ecotoxicological profile on lead contains five sections: (1) background (e.g., background
concentrations), (2) geochemistry of the constituent in various ecological media, (3) effects
characterization, (4) bioaccumulation potential and (5) chemical stressor concentration limit
(CSCL) development. The first four sections are intended to provide an overview of the
environmental factors that influence the toxicological potential of lead so that the limitations
of the CSCLs may be better understood. The fifth section presents the rationale and
development of CSCLs for the suite of ecological receptors used to represent aquatic and
terrestrial ecosystems. The profileisintended to present the ecotoxicological CSCLsin a
broader environmental context, so the ecological significance of the CSCLs may be properly
interpreted.

|. Background

Lead is anon-essential, highly toxic heavy metal for which al known effects on biologica systems
are deleterious. Lead is present in low concentrations throughout the environment as a result of
geol ogic weathering, with an average abundance in the earth’ s crust of 16 ppm. Human activities,
have resulted in awidespread increase in lead residues in the environment. In soils, natural
background concentrations are generally on the order of 10 to 30 ppm, but near lead emissions
sources such as roadways, concentrations of up to 2000 ppm have been found.

Naturally-occurring lead has three oxidation states: elemental (0), divalent (+2), and tetravalent
(+4). Initsinorganic forms, lead isfound primarily in the divalent state. Organolead compounds,
the most important of which are tetramethyl and tetraethyl lead, are formed predominantly by lead
in the tetravalent state, and are considered to be the more toxic forms. In most of its forms, except
for some lead salts, lead is relatively insoluble in water and tends to accumulate in sediments.
The magjority of lead ingested by biotais rapidly egested (Eider, 1988b). Inhaled lead, though, is
absorbed quickly by blood (ATSDR, 1993¢). Lead does bioconcentrate, and older organisms tend
to have the highest body burdens. Biomagnification of lead in the food chain, though, has been
found to be negligible (Eisler, 1988b).

II. Geochemistry of Lead in Various Ecological Media
Lead in Soils

The speciation of lead in soilsis dependent on
physico-chemical processesincluding

! Lead speciation in soilsis dependent on physico-
chemical processes including adsorption,

adsorption, precipitation, and complexation precipitation, and complexation.

with solid and aqueous inorganic and organic ! Most lead in soils is strongly sorbed to organic

phases within the soil. These processes are matter and very little is transported to surface of
) ground water.

themselves determined by such factors as soil
pH, organic matter concentrations, lead
concentrations, and the presence of other
inorganic components (NSF, 1977, cited in ATSDR, 1993). The atmospheric deposition rate for
lead is the primary factor defining its accumulation in most soils (ATSDR, 1993).
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Most of the lead in soilsis strongly sorbed to organic matter and very little is transported to
surface water or ground water (ATSDR, 1993). lon exchange processes with hydrous oxides or
clays, or chelation with humic or fulvic acids can remove lead from solution in soil (Olson and
Skogerboe, 1975, cited in ATSDR, 1993). In soilswith pH $ 5 and $ 5% organic matter content,
atmospheric lead is retained within the uppermost 2-5 cm of undisturbed soil (ATSDR, 1993). In
soils with pH 6-8 and a high organic matter content, lead can form insoluble organo-complexes.
Within the same pH range but with alower organic matter content, hydrous lead oxide complexes
may form or lead may precipitate out with carbonate or phosphate ions (ATSDR, 1993). At lower
pHSs of 4-6 organo-lead complexes may be soluble (EPA, 19863, cited in ATSDR, 1993).

Lead in Surface Waters

A review of trace elementsinrivers by Hart . . .

. . . ! The behavior of lead is primarily controlled by the
and Hines (1995) tabulated typical dissolved balance between complexation with dissolved
(i.e. <0.4 Fm) lead concentrations ranging organic matter, and association with SPM and
from 87 - 1,800 ng/l. The behavior of leadin | frf]"f;j:dy of three U.S. rivers leac was found to be
riversis primarily cpntro!led py the bal ance ) partitioned between particulzte, colloidal, and “truly”
between complexation with dissolved organic dissolved phases. Partitioning between filter-
matter, and association with suspended retained and filtrate lead showed a dependence on
particul ate matter (SPM) and colloidal matter the concentration of total SPM.

(Hart and Hines, 1995). Particles settling
through surface waters can control the
behavior of elements like lead which are removed from the dissolved phase (usualy < 0.4 Fm) by
forming nuclide/particle surface site complexes (Santschi, 1988 and references therein).
Reactions with dissolved and particul ate organic carbon can also regulate the concentration of
organically complexed elements like lead. These reactions can be particularly important in
coastal waters which have high organic loadings and in estuarine environments which have large
ionic strength gradients (Santschi, 1988).

Benoit (1995) determined lead concentrations in fresh water from three riversin the northeast
United States and investigated the relationship between lead in particulate, colloidal, and “truly”
dissolved (i.e., occurring asindividual solvated ions) phases. Partitioning between (0.45 Fm)
filter-retained and filtrate (< 0.45 Fm) fractions exhibited a dependence on the concentration of
total suspended solids (Benoit, 1995). This phenomenon, called the particle concentration effect,
can be explained by the contribution of lead bound to colloids which are included in the filter-
passing fraction of conventionally “ dissolved” trace elements (Benoit, 1995 and references
therein). Benoit (1995) calculated the “true” partition coefficient for lead to be greater than 1074
(compared to partition coefficients of ~10° to 108 for filter retained/filtrate lead), indicating that
truly dissolved lead concentrations were extremely low.

Lead in Sediments

In anaerobic lake sediments, relatively volatile organo- (tetramethyl) lead may form through
biological akylation of organic and inorganic lead compounds (EPA, 1979d, cited in ATSDR,
1993).

[11. Effects Characterization
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This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxa to exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystem

Lead istoxic to aquatic biota, though effects are significantly modified by various factors.
Waterfowl suffering from lead intoxication exhibit symptoms such as lethargy and emaciation
(chemical form unknown). In birds, death usually isindirectly caused by starvation and
vulnerability to predation (Eisler, 1988b). Acute exposures of lead to aquatic invertebrates and
fish of 1 to 500 mg Pb/L have lethal effects; chronic exposures over extended durations to
concentrations ranging from 0.007 to 0.020 mg/L can also have letha effects (chemical form
unknown). Aquatic invertebrate speciesin general show awide range of sensitivity to lead
exposures. Chronic exposures of 0.019 mg/L have been found to increase mortality in marsh snails
(Lymnaea palustris) (Demayo et a., 1982). Adverse effects on daphnid reproduction have been
observed at 0.001 mg Pb?*/L (Eider, 1988b). In fish, lethal solutions of lead promote the
formation of increased mucus, which coagulates over the entire body and gills, resulting in
suffocation (Eisler, 1988b). Developmental defects are reported in rainbow trout exposed to 7.6
Mo/l over 19 months (Davies et a., 1976). Effects of lead poisoning in amphibians include the
ateration of blood chemistry, sluggishness, vision impairment, and sloughing of skin (Eider,
1988hb; Hoffman et a., 1995). Exposure of embryonic toads, Xenopus laevis, to static
concentrations of 0.001 mg/L resulted in deformation of 82% of the population and 18% mortality,
whereas 10 mg/L resulted in 100% mortality (Power et a., 1989).

Terrestrial Ecosystem

Lead acts at the molecular level to inhibit enzymes necessary for normal biological functionin a
variety of biota. In mammals, lead toxicity may affect the hematological system, the brain and
nervous system, learning and behavior, and reproduction (Hoffman et al., 1995). In cattle, studies
suggest that acute sublethal or lethal poisoning generally occurs at doses of 5 to 7 mg/kg-day
(Hoffman et a., 1995). Decreasesin survival rates in mice have been reported at drinking water
exposures of 5 mg/L (Demayo et d., 1982). Inrats, oral doses of 0.01 to 0.02 mg/kg-day have
been associated with reproductive impairment and neurological problems (Hilderbrand et al.,
1973 ; Krasovskii et a., 1979). Lead may also weaken an organism’simmune system, even when
no other signs of lead toxicity are observed (Hoffman et al., 1995). In birds, reproductive and
developmental effects include decreases in egg production at 1.53 mg/kg-day oral exposures
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Lead: Effects Ranges for Eclogical Receptors
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Figure8: Lead: Effects Rangefor Selected Ecological Receptors

in Japanese quail and inhibited growth rates at 125 mg/kg-day in the American kestrel (Edens and
Garlich, 1983; Hoffman et a., 1985).

Damage to plants with elevated lead contents is often negligible, but does vary among species.
Lead can have deleterious effects on plants at current lead levelsin urban areas (Eisler, 1988b).
The decline of some European spruce forests has been attributed to excessive concentrations of
atmospheric lead. Reported effects include inhibition of plant growth, and reductionsin pollen
germination, seed viability, and rates of photosynthesis and transpiration (Hoffman et a, 1995).
Terrestrial plantsindicate low level effects at concentrations ranging from 50 to 500 mg/kg soil
(Efroymson et al., 19974).

V. Bioaccumulation Potential

Freshwater Ecosystems

Lead inhibits photosynthesis and agal growth by 64% at concentrations of 0.1 mg Pb/L (Demayo
et a., 1982); however, water quality parameters (e.g., pH) will influence the observed toxicity
and may affect an aquatic plants’ sensitivity to lead (Demayo et ., 1982). Lead is
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bioconcentrated by aquatic organisms, but thereis little evidence of biomagnification through the
food chain (ATSDR, 1993e). Lead tissue concentrations tend to decrease with increasing aquatic
trophic level, with the highest levels found in benthic organisms and algae and the lowest in upper
trophic level predators (Eider, 1988b). Bioaccumulation factor (BAF) if 45.7 L/kg for fish was
used to predict food chain exposures for piscivorous mammals and birds (unspecified chemical
form) (Stephan, 1993). The valueis based on a whole-body measured BAF of bluegill sunfish
(Lepomis macrochirus).

Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, a BAF of 1.5 was proposed for lead based on 245 data points.
For terrestrial plants, an BCF of 0.62 was proposed based on 204 data points. For small
mammals, based on 138 reported val ues assessing the transfer of lead from soil to small mammals,
aBAF of 0.29 was proposed (Sample et a., 1997; Samples et al., 1998). These values were
used to model food chain exposures to terrestrial species for this analysis, because currently, they
stand as the most comprehensive collection of bioaccumulation data for terrestrial ecological
receptors (Sample et al., 1997; 1998a; 1998D).

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCL5s) in sail, plants or surface water was developed. Since CSCLs for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals: Numerous studies were identified that addressed the effects of lead in mammals. Inan
experiment lasting 20-30 days, rats were administered lead in oral doses of 0.05, 0.005 and
0.0015 mg/kg-day (Krasovskii et a., 1979). Impairment of the functional capacity of the malerat's
Spermatozoa was observed in rats receiving the maximum dose of 0.05 mg/kg-day. The
gonadotoxic effects at 0.05 mg/kg-day resulted in an inferred NOAEL of 0.005 mg/kg-day. In
another experiment in the same study, male and female rats were given the same doses of lead as
above for 6-12 months. Neurological deficits, including disruption of conditional responses and
motor activity, were observed at 0.05 and 0.005 mg/kg-day.

The NOAEL for gonadotoxic effects from the Krasovskii et a. (1979) study was chosen to derive
the toxicological benchmark for the following reasons. (1) doses were administered over a
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chronic duration and via oral ingestion, an ecologically significant exposure pathway; (2) it
focused on irregularities in the male rat's reproductive system as a critical endpoint; (3) it
contained dose response information; and (4) it resulted in the lowest toxicity value for a critical
endpoint.

In another investigation, dogs that were given asingle dietary dose of 0.32 mg/kg-day for an
unspecified period of time exhibited clinical signs of chronic lead toxicity (Demayo et a., 1982).
Also, Hilderbrand et al. (1973) treated male and female rats with oral doses of lead of 5 and 100
pg/day for 30 days. Gonadotoxic effects in both the male and femal e rats were observed at the
100 pg/day dose resulting in an inferred NOAEL of 5 pg/day. To obtain the NOAEL asadaily
dose, the reported dose was divided by the geometric mean (0.235 kg) of the male and female rats
reported body weights, resulting in adaily dose of 0.02 mg/kg-day.

The study by Hilderbrand et al., (1973) was not selected for the derivation of a benchmark
because it did not report the lowest toxicity value for acritical endpoint. The Demayo et a.
(1982) study was not chosen because of the absence of sufficient dose-response information and
lack of critical endpoints.

The same surrogate-species study (Krasovskii et al., 1979) was used to derive the lead
benchmark for mammalian species representing the terrestrial ecosystem.

Birds: There were severa studies that investigated the effects of lead toxicity on birds. In a series
of experiments, Edens and Garlich (1983) monitored the egg production of chickens and Japanese
quail. Results showed that Japanese quail are more sengitive than chicken hens. When the lowest
dose of 1 mg Ph/kg feed was administered for five weeks from day of hatch, egg production in
Japanese quail was significantly reduced. Thisresulted in areported LOAEL of 1 mg/kg-feed.
This corresponds to adaily dose of 0.21 mg/kg-day based on a body weight value of 0.150 kg and
afood intake value of 0.031 kg/day, both obtained from the study. In the absence of an
experimental NOAEL, the NOAEL used is extrapolated from LOAEL of 0.21 mg/kg-day by a
factor of 10 to arrive at an estimated NOAEL of 0.021 mg/kg-day.

The LOAEL reported by Edens and Garlich (1983) for Japanese quail was selected to derive the
avian benchmark value for the freshwater ecosystem. This study was chosen for the following
reasons. (1) doseswere administered viaoral ingestion, an ecologically significant exposure
pathway; (2) it focused on reproductive toxicity as acritical endpoint; (3) it contained dose
response information; and (4) it resulted in the lowest toxicity value for acritical endpoint.

Growth rate suppression occurred in chickens exposed to 1850 ppm of dietary lead for 4 weeks
(Franson and Custer, 1982). Conversion of this dose into units of mg/kg-day required the use of an
allometric equation for chickens (U.S. EPA, 1988a):

Food consumption (kg/day) = 0.075(W\P849)

where W is body weight in kilograms. Based on the geometric mean of reported body weights of
0.110 kg for the control birds and the derived food consumption rate of 0.012 kg/day, the 1850
ppm dose corresponds to a daily dose of 202 mg/kg-day. In another study, American kestrels
exposed to doses of 10 and 50 ppm for 6 months exhibited no impairment of survival, egg laying,
fertility, or eggshell thickness, suggesting a NOAEL of 50 ppm (Pattee, 1984). Conversion of this
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dose into units of mg/kg-day required the use of an allometric equation for birds (Nagy, 1987):
Food consumption (g/day) = 0.648(\\P51)

where W is body weight in grams. Using areference kestrel body weight of 120 g (U.S. EPA,
1993h) and a calculated food consumption rate of 15 g/day, the 50 ppm dose was converted to a
daily dose of 6.3 mg/kg-day. In another study, Hoffman et al., (1985) examined the growth of one-
day old American kestrel nestlings exposed orally to 25, 125 and 625 mg/kg-day of dietary lead.
The authors reported a NOAEL of 25 mg/kg-day and a LOAEL of 125 mg/kg-day.

The other studies mentioned above were not selected, either because they did not focus on a
reproductive endpoint or because they lacked sufficient dose-response information.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 3.2E-03 mg/L for lead and

devel oped under the NAWQC was selected as the appropriate criteriato use in this analysis
because no criteriawere available for lead under GLWQI work (U.S. EPA, 1986¢). The GLWQI
value was considered preferable to the NAWQC because: (1) the GLWQI valueis based on the
same methodology used to develop NAWQC (i.e., Stephan et al., 1985); (2) the NAWQC data set
was augmented with previously unavailable acute and chronic toxicity data; and (3) species taxa
used to generate the GLWQI values are suitable for national application since they include species
and taxa found throughout the United States. But lacking the GLWQI value for lead, the NAWQC
was used. It should be noted that the toxicity of lead is hardness dependent; therefore, the FCV
(in ug/L) was calculated using the following equation (U.S. EPA, 1995a), assuming a water
hardness of 100 mg/L as calcium carbonate (CaCOs):

e(1.273(ln hardness)-4.705)

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metal concentrations to better reflect the
bioavailability of metals (e.g., Prothro, 1993). Consequently, the FCV for lead was adjusted to
provide dissolved concentrations as described in 60 FR22231 (Water Quality
Standards...Revision of Metals Criteria). The lead FCV was adjusted using a conversion factor
(CF) of 0.791 for chronic effects to give a dissolved surface water CSCL of 2.5E-03 mg/L. This
adjustment reflects the current Agency position on criteria devel opment and regulatory application
of metals;, however, the issue of metal bioavailability in surface watersis the topic of intensive
research (e.g., Bergman and Dorward-King, eds, 1997). For example, the relationship between
water characteristics (e.g., dissolved organic matter), copper bioavailability, and toxicity has been
investigated in some detail (e.g., Allen and Hansen, 1996). For completeness, the total and
dissolved surface water criteria are presented in Table 1 even though the values are identical.

Amphibians: No suitable subchronic or chronic studies were identified for CSCL devel opment
which studied the effects of lead toxicity on reproductive or developmental endpoints in amphibian
species. The variability between experimental designs and test endpoints made consistent
comparisons between chronic data prohibitive; however, both acute and chronic data were
identified to characterize the toxicity of lead to amphibian species. Review of data collected from
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six experiments indicate that the acute toxicity of lead ranges from 0.04 to 105 mg/L, with a
geometric mean of 2.1 mg/L. Acute and chronic studies were conducted on various amphibian
species (i.e., eleven amphibian species represented) during embryo, tadpole and adult lifestages.
Developmental deformities were noted in embryos of Xenopus laevis exposed to lead
concentrations of 1 to 3 mg lead/L. Other behavioral responses to lead exposure are indicated at
concentrations ranging from 0.5to 1 mg lead/L  The observation that the lowest acute amphibian
value approximates (i.e., within afactor of two) the FAV, of 0.082 mg lead/L determined for the
freshwater community indicates that a large percentage of amphibian species may be protected at
concentrations protective of the aguatic community. Given the inconsistency in reported chronic
data, a CSCL of 2.1 mg lead/L was derived based on acute toxicity. Sincethe CSCL is based on
acute data (i.e., lethality), the severity of the potential adverse effects that this CSCL indicates
should be noted. Investigations are ongoing to review the possibility of incorporating amphibian
datainto the NAWQC. Since amphibian species are more likely to breed in standing waters such
as wetlands or ponds, the appropriateness of combining protective levels of amphibian receptors
and the freshwater community is unclear at thistime (Power et a., 1989; U.S. EPA, 1996).

Algae and Aquatic plants: Relevant endpoints for aquatic plants focused on the ability of plantsto
support higher trophic levels as well as the ability to provide habitat for other speciesin the
freshwater ecosystem. The CSCL s for aquatic plants were either: (1) ano observed effects
concentration (NOEC) or alowest observed effects concentration (LOEC) for vascular aquatic
plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of freshwater algae,
frequently a species of green algae (e.g., Selenastrum capricornutum). For lead the CSCL value
was determined to be 5.0E-01 mg/L based on the growth inhibition of Chlorella vulgaris,
Scenedesmus quadricauda, and Selenastrum capricornutum (Suter and Tsao, 1996). Moderate
confidence is placed in this CSCL sinceit isonly based on several studies.

Benthic Community- The premier source of field sediment data isthe NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, CSCL s are devel oped estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards; rather, they
are used to rank sites based on the potential for adverse ecological effects. A second criteria
document evaluated for sediment criteria devel opment was the Approach to the Assessment of
Sediment Quality in Florida Coastal Waters Volume 1- Devel opment and Evaluation of
Sediment Quality Assessment Guidelines) (MacDonald et al., 1994) published by the Florida
Department of Environmental Protection (FDEP). The criteria developed by FDEP were also
based on the NOAA data; however, the method of derivation of the criteriawas changed. FDEP
caculated the criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50t
percentile of no effects data and the 15" percentile of the low effects data. The NOAA data, used
in both documents, is based on total metal concentrations in sediments, and the toxicity endpoints
were measured on species of amphipods, arthropods, and bivalves in addition to avariety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criterion was chosen above the NOAA criterion for the following reasons; (1) the
same database was used for both the NOAA criteria and the FDEP criteria development only
different derivation methods were used; (2) in most cases, the FDEP criterion was more
conservative than the NOAA criteria because alarger portion of the low effects datawas used in
CSCL development; (3) the marine TEL developed by the FDEP were found to be analogous to
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TELs observed in freshwater organisms (Smith et al., 1995).

The CSCL for lead was derived from 402 toxicity data points for low and no effects levels. For
the screening level analysis of lead, the TEL of 3.0E+01 mg lead/kg sediment was selected as an
appropriate sediment CSCL. Based on the quality and quantity of lead sediment data, the degree of
confidence in the TEL value for lead was considered high (MacDonald, 1994).

Terrestrial Plants: As presented in Efroymson et al. (1997a), phytotoxicity CSCLs were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected asthe CSCL. Such LOECs applied to reductionsin plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of a plant population to
sustain itself. The selected CSCL for phytotoxic effects of lead in soilsis 50 mg lead/kg soil
(Efroymson et al., 1997a). The derivation of the CSCL is based on 17 phytotoxicity data pointson
various agricultural (e.g., barley, ryegrass) and silverculture (e.g., Spruce) species measuring
growth endpoints such as height and weight of shoots and roots, yield, and germination success.
Considering this CSCL was based on multiple studies over arange of species, confidence in this
CSCL ishigh.

Soil Community: CSCLs for soil from community-based effects presented in Hazardous Waste
Identification Rule (RTI, 1995b) of 28 mg/kg was proposed for lead. This value developed from
various different soil-based organisms may be more appropriate than CSCL s which are based on
single soil species such as earthworms. Calculation of the CSCL s involves incorporating the no
observed effects concentration (NOEC) and lowest observed effects concentration (LOEC) data
set for soil biota and to a statistically derived formulation designed to protect 95% of the species
potentially present in soil. The CSCLs proposed herein will provide long-term sustainability of a
functioning soil community for multiple uses of the affected area, such as agriculture and
residential use (RTI, 1995b). Because 8 studies were used to derive this value, confidence in this
CSCL is moderate.
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Tablel. Lead CSCLsin Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway
Aquatic
Mammals 3.0E-04 mg/L water Food web River Otter Krasovskii et al., 1979
Birds 9.0E-04 mg/L water Food web Kingfisher Eden and Garlich, 1983
Algae and Aquatic Plants 5.0E-01 mg/L water Direct contact | Chlorella vulgaris and others | Suter and Tsao, 1996
Freshwater Community
Totd 3.2E-03 mg/L water Direct contact | Aquatic biota U.S. EPA, 1986c
Dissolved 2.5E-03 mg/L water Direct contact | Aquatic biota U.S. EPA, 1986¢; 60FR22229
Benthic Community 3.0E+01 mg/kg sediment Direct contact | Benthos MacDonald, 1994
Amphibians (acute 2.1E+00 mg/L water Direct contact | Variousamphibian species Power et al., 1989; U.S. EPA, 1996
effects)
Terrestrial
Mammals 4.7E-01* mg/kg soil Food web Raccoon Krasovskii et al., 1979
Birds 1.6E-01* mg/kg soil Food web American woodcock Eden and Garlich, 1983
Mammals 2.4E-02 mg/kg plant Food web Meadow vole Krasovskii et al., 1979
Birds 2.9E-01 tissue Food web Northern bobwhite Eden and Garlich, 1983
Plant Community 5.0E+01 mg/kg plant Direct contact | Sycamore, red oak Efroymson et al., 1997a
Soil Community 2.8E+01 tissue Direct contact | Soil invertebrates RTI, 1995b
mg/kg soil
mg/kg soil

This CSCL should not be used because it is below sail background concentrations (lowest mean background concentration 16 mg lead/kg soil) . This may be an artifact of our

back-cal culation method (i.e., calculating media-specific criteria from the benchmark study).
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Ecotoxicological Profile for Ecological Receptors
Mercury

This ecotoxicological profile on mercury contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of mercury so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be
properly interpreted.

|. Background

Mercury occurs naturally as aminera and is distributed throughout the environment by natural and
anthropogenic processes. Natural processes include weathering of mercury-containing rocks and
volcanic eruptions. Anthropogenic releases are primarily to the atmosphere. Major anthropogenic
sources of mercury include mining; industrial processes involving the use of mercury, including
chloralkai manufacturing facilities, combustion of fossil fuels, primarily coal; production of
cement; and medical and municipa waste incineration. Background concentrations in soils range
from less than 0.01 to 4.6 mg Hg/kg soil (Dragun and Chiasson. 1991). Typical concentrationsin
uncontaminated river waters range from 0.1 to 0.5 pg Hg/L with ground water sources
demonstrating the high end of thisrange. Sediments which can act as asink for mercury contain
background concentrations of 0.02 to 0.06 mg Hg/kg, athough polluted sediments may have 0.1 to
746 mg Hg/kg (Eider, 1987).

Mercury exposure has been linked to adverse effects to a multitude of speciesincluding plants,
fish, aquatic invertebrates, birds, and mammals. In both aquatic and terrestrial plants, decreased
growth, reduced photosynthesis, inhibition of metabolic enzymes, leaf injury (e.g., necrosis), and
lethality have been reported. Aquatic receptors, such as fish and invertebrates, have demonstrated
death, reduced reproduction, impaired growth and devel opment, altered behavior and metabolic
function. Avian and mammalian species demonstrate sublethal effects such as organ damage,
decreased growth and reproduction, and behavioral modifications.

Mercury in the aguatic system is known to undergo microbially-mediated biotransformation to
form methylmercury which is amore bioavailable and toxic compound than inorganic mercury in
aguatic systems. Mercury, unlike other meta's, bioaccumulates and biomagnifies up the food chain
creating potentially high exposures to piscivorus mammals and birds. Methylation of mercury
results in significant exposure for receptors of the aquatic community, including those avian
species who consume large quantities of fish in their diet (U.S. EPA, 1996).

II. Geochemistry of Mercury in Various Ecological M edia

General
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Mercury occurs naturally asamineral and is
distributed throughout the environment by natural and
anthropogenic processes. Mercury can exist in three
oxidation states, HJ? (elemental), Hg" (mercurous),
and Hg?* (mercuric). The most reduced formis
elemental mercury (Hd?), whichiisaliquid at
ambient temperatures but readily vaporizes.
Mercurous and mercuric mercury can form numerous
inorganic and organic chemical compounds;
however, mercurous mercury israrely stable under
ordinary environmental conditions.

Mercury is unusua among metalsin that it tendsto

Mercury - 83

Mercury can exist in the environment in three
oxidation states, including H¢, Hg*, and Hg?*.
Elemental mercury (Hof) readily vaporizes.
Mercurous mercury (Hg') israrely stable
under ordinary environmental conditions.

The compounds most likely to be found under
environmental conditions are: the mercuric sats
[HgCl,, Hg(OH),, and HgS] and the
methylmercury compounds [CH,HgCl and
CH,HgOH].

Methylmercury is the most common organic
form of mercury. It is soluble, mobile, and
quickly enters the food chain.

form covalent rather than ionic bonds. Most of the mercury encountered in the
water/soil/sediments/biota (all environmental media except the atmosphere) isin the form of
inorganic mercuric salts and organomercuries. Organomercuries are defined by the presence of a
covaent C-Hg bond. Thisisthought to differ from the common behavior of inorganic mercury
compounds associating with organic material in the environment. The compounds most likely to

be found under environmental conditions are: the mercuric sats HgCl,, Hg(OH),, and HgS; the
methylmercury compounds CH;HgCl and CH;HgOH; and in small fractions, other organomercuries

(i.e., dimethylmercury and phenylmercury).

Mercury in Soils

Average mercury concentrationsin virgin and
cultivated surface soils range from 20 to 625 ng/g.
The highest concentrations are generally found in
soils from urban locations and in organic versus
minera soils. The mercury content of most soils
varies as afunction of depth, with the highest
mercury concentrations generally found in the
surface layers.

Mercury isreadily sorbed to soil substrates. Itis
strongly sorbed to humic materialsin soils
characterized by pH values equal to or greater than
4. Itisalso sorbed to iron oxides and clay minerals.

Mercury is strongly sorbed to soil substrates at
pH values equal to or greater than 4.
Adsorption-desorption reactions with organic
matter and soil minerals control soil pore water
concentrations to very low levels.

Chloride concentration may be as important as
pH in determining mercury mobility.

Mercury may aso be mohilized through the
reduction of ionic mercury to the more volatile
elemental mercury and through methylation to
form volatile organic compounds such as
dimethylmercury.

Inorganic mercury sorbed to particulate material is not readily desorbed, and as a consequence,
leaching isrelatively insignificant. Adsorption-desorption reactions with organic matter and soil
minerals control soil pore water concentrations to very low levels.

Although mercury is thought to be strongly sorbed to the soil substrate, adsorption may be
decreased, and mercury re-mobilized, as a function of increasing pH and/or chloride ion content.
Mercuric mercury (Hg?) may form various complexes with chloride and hydroxide ions in soils.
It is generally accepted that chloride is the most significant inorganic ligand responsible for
increasing the mobility of mercury in the environment. Thisisduein part to chloride’ s abundance
and persistence, and the low affinity of mercury chloride complexes for soil surfaces. Itis
possible that other ligands, particularly other halides, could also cause a significant increasein
mercury mobility. Because mercury concentration is positively correlated to dissolved organic
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carbon, mercury may also be bound to humic and fulvic acids in soil pore water.

Mercury may also be re-mobilized through the microbial reduction of Hg?* to the more volatile

elementa mercury (HdP) as well as the bioconversion to volatile organic forms (dimethylmercury).

Because these reactions are generally biologically mediated, temperature and pH are important
considerations. For example, volatilization is generally greater in warmer weather when soil
microbial activity isgreatest. Volatilization is also greater in acidic soils (pH values equal to or

lessthen 3).

Mercury in Surface Water

Most chemical analysesyield total mercury
concentration for agiven sample. Total mercury in
water is made up principally of elemental mercury,
dissolved complexes of methylmercury and mercuric
ion, and particulate forms of methylmercury and
mercuric ion. Total mercury isapoor predictor of
mercury speciation. For example, methylmercury as
apercent of total mercury in water ranges from afew
percent to more than 60 percent and is not solely a
function of total mercury concentrations in water.

Water samples collected from lakes and riversin the
Ottawa, Ontario, region of Canada had total mercury
concentrations ranging from 3.5to 11.4 ng/L, with
organic mercury concentrations ranging from 22 to 37
percent. Higher concentrations were measured in
water samples collected from Crab Orchard Lakein
Ilinois and from surface waters of lakes and riversin
California. Specifically, mercury measurements
ranged from 70 to 281 ng/L for the Illinois samples
and from 0.5 to 104.3 ng/L for the California samples.

Mercury participatesin a dynamic
biogeochemicd cycle in aquatic
environments.

In aguatic environments having a pH range
typical of environment conditions, the
formation of mercuric sulfide (HgS) is
favored. Mercuric sulfide precipitates out of
solution, thus removing mercury from the
water column.

Dissolved-phase mercuric complexes
(HgCl,) are important in the water column as
they increase mobility.

lonic mercury can be reduced to elemental
mercury. Once formed, elemental mercury
can volatilize, thereby reducing the dissolved
phase mercury burden.

lonic mercury can aso be methylated to form
methylmercury. Thisreaction is especialy
prevaent under anoxic conditions.
Methylmercury tends to accumulate in the
underlying sediments, also decreasing the
dissolved phase mercury burden.

Reactions with particul ates dominate the fate of mercury in aquatic environments. In surface

waters having an average concentration of sulfide, mercury will form mercuric sulfide (HgS) at pH
ranges of 4t0 9. This compound is relatively insoluble in aqueous solutions and will precipitate
out. Under acidic conditions, the activity of the sulfide ion decreases and the formation of
mercuric sulfide isinhibited. Under these conditions, the formation of methylmercury is favored
instead. The formation of mercuric sulfide and the adsorption of mercury to particlesresultin a
significant fraction of mercury settling to the bottom sediments.

Mercury can exist in surface water as both the mercuric (Hg?) and mercurous (Hg') states.
Because mercurous mercury is unstable, mercuric mercury is the predominant form of the two.
Under environmental conditions, mercuric ion forms dissolved organic and inorganic complexesin
the water column.

Mercuric ion can be transformed by biological and/or photo-chemical reduction to elemental
mercury (HdP) or by biological methylation to methylmercury (CH;Hg"). Once formed, €l emental
mercury can volatilize to the atmosphere, whereas methylmercury can be accumulated in the
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underlying sediments or bioaccumulated in the food web. These reactions are reversible, and
mercuric ion can also result from the oxidation of elemental mercury or the demethylation of
methylmercury.

Reduction of Hg?* to HgP can occur under both agrobic and anaerobic conditions. It is enhanced by
light and inhibited by competition from chlorideions. Surface waters may be saturated with
volatile elemental mercury at times; however, production is seasonal and the highest levels
generaly occur during the warmer summer months. The exchange of elemental mercury with the
atmosphere can lower the surface water mercury burdens

Because of methylmercury’ stoxicity and tendency to bioaccumulate, it is avery important species
of mercury. While some evidence for abiotic methylation exists, mercury methylation in the
environment is mediated principally by sulfate-reducing bacteriathat occur in freshwater and
marine sediments. High rates of methylation have been observed in anoxic sediment and water,
and at the thermocline of the stratified lakes and estuaries.

As abiologicaly mediated reaction, methylmercury formation is sensitive to factors that affect
biological activity aswell as the physicochemical factors that govern the availability of inorganic
mercury. The most important of these factors are dissolved oxygen concentration, temperature,
lake basin characteristics (e.g., depth, water retention time), pH, sulfate and sulfide concentration,
chloride concentration, water hardness, biological productivity, and total mercury concentration.
Methylmercury production generally increases under conditions of elevated temperature and
reduced dissolved oxygen concentration. In the anoxic hypolimnion of seasonally stratified lakes,
methylmercury has been observed to accumulate at levels greater than 10 ng/L. This buildup has
been related to in situ methylmercury production and re-mobilization from particul ate matter.

Mercury in Sediments
Mercury levelsin surface sediments of the St. Louis
River range from 18 to 500 ng/L. Mercury was

C  Inorganic mercury tends to sorb to particulate
matter and settle out. Inorganic mercury is

detected in sediment samples from Crab Orchard Lake ot readily desorbed and the sediments are
inlllinois at greater then 60 Fg/L. Surficial sediment an important sink for both freshwater and
samples from several sites along the Upper . ?;;anqgigaie';‘; considered! o be asink
Connecti ng Channel_ s of the Great Lakes had mercury for methylmercury: however, methylmercury
concentrations ranging from below the detection limit may be released back into the water column
to 55.80 Fg/g. Mercury concentrations were under anaerobic/sulfidic conditions.

correlated with particle size fractions and organic
matter content.

The dominant process controlling the distribution of mercury compounds in the environment
appears to be the sorption of non-volatile forms to soil and sediment particulates, which settle out
of the water column with little resuspension from the sediments back into the water column.
Inorganic mercury sorbed to particulate material is not readily desorbed. Thus, sediments are an
important repository for inorganic forms of mercury. Sediments tend to be areservoir for mercury
in both freshwater and estuarine systems.

Sediments generally are also considered to be asink for methylmercury. In contrast to inorganic
mercury, however, methylmercury may be released back into the water column under
anaerobic/sulfidic conditions. Specifically, methylation is favored under anaerobic conditions,
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whereas demethylation is favored in oxic waters.
[I1. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystems

Acute toxicity in the aguatic community for inorganic mercury ranges from 5 to 10 pg/L and 155 to
440 ng/L for aguatic invertebrates and fish, respectively. In contrast, for organic mercury, acute
toxicity have documented to range from 5.0 to 65 pg/L for yearling brook trout and for
invertebrates acute effects have ranged from 0.9 to 3.2 pg/L. In both organic and inorganic
mercury, acute effects in fish included behavioral changes and lethality. For chronic effects,
concentration at 0.04 pg/L and 0.79 pg/L reduced the growth of rainbow trout and brook trout,
respectively (Eidler, 1987). Acute effect levels (L Cx,S) to amphibians are observed at
concentration ranges from 0.01 to 107 mg /L depending on the species exposed and the duration of
exposure. Developmental effects to amphibian embryos were indicated at concentrations ranging
from 0.002 to 0.37 mg/L (Power et al., 1989; U.S. EPA, 1996b). Given the observed levels of
acute and chronic toxicity in amphibian species, amphibians are likely to demonstrate similar
sengitivities asindicated in fish populations (Figure 1).

Terrestrial Ecosystems

Among mercury species, methylmercury is the most toxic to mammals. Daily doses of methyl
mercury ranging from 0.1 to 0.5 mg/kg-day or 1.0 to 5.0 mg/kg diet were lethal to sensitive
mammals (Eider, 1987). Central nervous system toxicity, weight loss, and mortality were
observed among rats fed a diet containing 250 mg/kg methylmercury for 2 weeks (Verschuuren et
al., 1976a). Rats consuming 2.5 mg/kg methylmercury in the diet for 2 years displayed adverse
impacts to growth and physiological functions (Verschuuren et a., 1976b). No adverse effectsto
reproductive endpoints were observed in rats fed at 0.5 mg/kg and below over athree generation
experiment, but at 2.5 mg/kg, offspring survival rate was reduced.

For birds, acute toxicity for methylmercury ranges from 2.2 to 23.5 mg/kg for mallard (Anas
platyrhynchos), 11.0 to 27.0 mg/kg diet for Japanese quail (Coturnix japonica), and 37.9 mg/kg
for whistling duck (Dendrocygna bicolor). Heinz (1979) fed mallard ducks a diet containing 0.5
mg/kg methylmercury for three generations. Although it did not affect adult weights or weight
changes, for those female birds exposed to methylmercury, decrease in clutch number, egg shell
thickness, and behavioral modificationsin young were noted.

Plants, algae, and soil invertebrates appear more resistant to mercury exposure than other
receptors (Figure 1). A few studies have been conducted to characterize the toxicity of mercury in
terrestrial plants by measuring growth endpoints. No effects levels were indicated at
concentrations of 35 mg Hg/kg soil, but reduced growth was observed at 64 mg Hg/kg soil
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Figure9: Mercury: Effects Rangesfor Ecological Receptors

(Efroymson et al., 19974). In soil invertebrates, effects to earthworm survival, cocoon production,
and segment regeneration were indicated in the range of 0.5 to 12.5 mg Hg/kg soil following
chronic exposures over sixty days (Efroymson et al., 1997hb).

V. Bioaccumulation Potential

Freshwater Ecosystems

The bioaccumulative capacity of mercury, as methyl mercury, in fish iskey to exposure resulting in
adverse effects to organisms consuming aquatic species. Studies have indicated that mercury
bioaccumulates in aquatic systems. 1n phytoplankton, bioconcentration factors (BCFs) have been
reported to range from 100,880 to 477,300; and in zooplankton, BCFs ranges from 35,600 to
1,000,000 (USEPA, 19964). BAFsin fish, the Mercury Study Report to Congress (US EPA,
1996) represents the state-of -the-science approach in estimating the biocaccumulation factors
(BAFs) for mercury; therefore, the BAF values of 335,000 for trophic level 4 fish and BAF value
of 66,200 for trophic level 3 (BAF;) fish presented in the report were used in estimating the food
chain exposure of piscivorus mammals and birds. The following subsection briefly describes the
methods used by EPA in deriving the BAFsfor fish.

* Derivation of BAF for Trophic Leve 3 fish (BAF;)

Trophic level 3 BAF for methylmercury is 66,200. Thisisasemi-empirical value
from statisticaly fitting 10 field data to alognormal distribution. The mean of this
distribution is selected as BAF.
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* Derivation of Predator-Prey Factor (PPF,)

Predator-prey factor (ratio of concentration of methylmercury in predator fish to
that of the concentration of methylmercury in forage fish) was derived (cal cul ated)
has avalue of about 5.0. It reflects the increase in methylmercury concentration
from lower trophic level to a higher trophic level predator fish. The mean PPF,is
generated using Monte Carlo simulation' based on a beta distribution 17 data
points, ranging from 1.2 to 15.1.

* Derivation of BAF for Trophic Leve 4fish (BAF,)
The inputs parameters used to calculate BAF, is as follows:

BAF, = BAF; x PPR,

BAF; is the bioaccumulation factor for trophic level 3. Asdescribed previoudly it hasa
mean value of 66,200 with alognormal distribution. PPF, isthe predator-prey factor for
trophic level 4. It has an approximate mean value of 5.0 with abeta distribution. BAF;
and PPF, are sampled randomly according to the statistical parameters of those two inputs
and the product of those two randomly selected valuesis considered a

possible value for BAF,. Thisresampling method isiterated 20,000 times to generate a
distribution of BAF, values.

Table A. BAF, Calculations Using Monte Carlo Simulations*

Statistic BAF,
Mean 335,000
Standard deviation 5.053
Percentile
5th 22,700
25th 111,000
50th 336,000
75th 1,000,000
95th 4,700,000

*from USEPA, 1996

The percentiles of the resulting BAF, distribution represent the likelihood of that a given
piscivorus fish will exhibit such a BAF, and the geometric mean of thisresult is taken as the BAF,
(USEPA, 1996). The BAFs generated from the above methodology were used to derived
protective media concentrations in water for mammealian and avian receptors.

Monte Carlo simulationsis a resampling technique frequently used in uncertainty analysisin risk
assessment. In practice, distributions are assigned to input parametersin amodel and the model is recalculated
many times (typically 10,000 iterations) to produce a distribution of output parameters (e.g. estimates of BAF,).
Each time the model isrecalculated, avalueis selected from within the distribution assigned for each input
parameter. Asaresult, distribution of BAF estimatesis produced that reflects the variability of the input
parameters.
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Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90™" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, a BAF of 21 was proposed for mercury based on 30 data
points. For terrestrial plants there was no proposed BCF. For small mammals, based on 18
reported values assessing the transfer of mercury from soil to small mammals, a BAF of 0.19 was
proposed (Sample et a., 1997; Samples et a., 1998). These values were used to model food
chain exposures to terrestrial species for this analysis, because currently, they stand as the most
comprehensive collection of bioaccumulation data for terrestrial ecological receptors (Sample et
al., 1997; 1998a; 1998b).

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCL5s) in sail, plants or surface water was developed. Since CSCLs for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
By protecting the more sensitive species, other receptors are likely to be protected as well.

Mammals. Two subchronic studies were identified which reported dose-response data for
mammalian wildlife. Rhesus monkeys were exposed to methylmercury chloride by gavage at
doses of 0.05. 0.16 or 0.5 mg/kg-day during gestation days 20 through 30. No signs of
malformation were seen at the two lower doses (Dougherty et a. 1974). However, the highest
dose level was maternally toxic and abortient, suggesting a NOAEL of 0.16 mg/kg-day and a
LOAEL of 0.5 mg/kg-day for reproductive effects.

A second study fed adult female mink containing methylmercury chloride at doses of fed adult
female mink rations containing methylmercury chloride at doses of 0.18, 0.29, 0.77, 1.3 and 2.4
mg/kg-day (Wobeser et al. 1976a and 1976b). Groups exposed to doses of 0.29 - 2.4 mg/kg-day
exhibited clinical signs of toxicity. The 0.18 mg/kg-day exposure group did not show clinical
evidence of toxicity but did exhibit pathological alterations of the nervous system. The authors
stated that clinical signs of toxicity in the 0.18 mg/kg-day exposure group would have probably
emerged if the experiment had lasted longer. A LOAEL of 0.18 mg/kg-day was inferred for
pathological alterations from this study. The NOAEL derived from this study was 0.055 mg/kg-day
(U.S. EPA, 1996).

The NOAEL from the Wobeser et d. (1976a and 1976b) study was selected to derive the
toxicological benchmark because: (1) doses were administered over a chronic duration and via
oral ingestion, an ecologically significant exposure pathway; (2) the study focused on toxicity
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endpoints that could impact the reproductive potential of a species; and (3) it contained adequate
dose-response information. The Dougherty et al. 1974 was also an adequate study for selection;
however, the premier source of information on mercury’ s risk to ecological receptors (Mercury
Sudy Report to Congress U.S. EPA, 1996) considered the Wobester et al. (1976a and 1976b) to
be a more appropriate benchmark study for CSCL s derviation.

Birds. Severa studies were identified which investigated the effects of methylmercury on avian
species. In aseriesof studies carried over three generations, Heinz (1974, 1975, 1976a, 1976b,
1979) assessed the effects of dietary methylmercury on mallard ducks. Adult mallard ducks given
doses of 0.064 and 0.384 mg/kg-day for up to 2 years were monitored for egg production, hatching
success and hatchling viability. Based on an assessment of percent cracked eggs, egg production
or number of eggs producing normal hatchlings, no significant reproductive effects were observed
in thefirst generation. However, the survival rate of offspring from the 0.384 mg/kg-day treatment
group was significantly lower. Second generation parents on the 0.064 mg/kg-day diet exhibited
abnormal egg-laying behavior, impaired reproduction and their ducklings had a slowed growth
rate. Third generation hensin the 0.064 mg/kg-day treatment group laid fewer viable eggs than
those in the control group. Behavior tests designed to measure approach response to maternal
calls and avoidance response to afrightening stimulus pooled over three generations indicate the
cumul ative effects over three generations were significant at the lowest dose level. Therefore, a
LOAEL of 0.064 mg/kg-day was inferred based on adverse reproductive and behavioral effects
across the three generations of mallard ducks; and a NOAEL is extrapolated by afactor of 10 to
arrive a avalue of 0.0064 mg/kg-day.

Ring-necked pheasants were exposed to dietary methylmercury at doses equivaent to 0.18, 0.37,
and 0.69 mg/kg-day for 12 weeks (Fimreite, 1970). Reduced hatchability and egg production as
well asincreased numbers of shell-less eggs were reported at all dose levels. Based on these
results, aLOAEL of 0.18 mg/kg-day can be inferred for reproductive effects. In another study by
Fimreite (U.S. EPA, 1993b), leghorn cockerel chicks were exposed to dietary methylmercury at
concentrations of 1.1, 2.1, and 3.2 mg/kg-day for 21 days. A significant increase in mortality
occurred at exposure to 3.2 mg/kg-day while chicks maintained at 2.1 mg/kg-day exhibited
decreases in growth. Although this study reports a NOAEL of 2.1 mg/kg-day for mortality and a
LOAEL of 1.1 for growth, it isunclear asto whether these exposure levels would affect an entire
population's survival. Reproductive effects were seen in white leghorn laying hens when they
were exposed to methylmercury at dietary concentrations of 4.9 and 9.8 mg/kg-day for an
unspecified period of time (Scott, 1977). Both dose levels severely impacted egg production and
weight, fertility of eggs, hatchability of fertile eggs, and eggshell strength.

Although the studies by Fimreite (1971) and Scott (1970) provide reproductive endpointsin
response to multiple, dietary methylmercury dose levels, the results of the Heinz (1974, 1975,
19764, 1976b, 1979) multigeneration studies were found to be most appropriate for the estimation
of abenchmark value for avian species. These studies provide reproductive and behavioral
effects due to methylmercury exposure over three generations of mallards. From all the avian
studies identified, Heinz (1974, 1975, 1976a, 1976b, 1979) furnished the most conservative dose
level that could impair the survival and reproductive potential of an avian population. Therefore,
the LOAEL of 0.064 mg/kg-day was used to derive a benchmark value for representative avian
species of the freshwater ecosystem.

The LOAEL vaue from the Heinz (1974, 1975, 1976a, 1976b, 1979) was then scaled for species
representative of afreshwater ecosystem using a cross-species scaling algorithm adapted from
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Opresko et a. (1994). Thisisthe same default methodology EPA provided for carcinogenicity
assessments and reportable quantity documents for adjusting animal data to an equivaent human
dose (57 FR 24152). Since Heinz (1974, 1975, 19763, 1976b, 1979) documented reproductive
effects from methylmercury exposure to both male and female mallards, the body weights of both
mal e and femal e representative species were used in the scaling algorithm to obtain toxicological
benchmarks.

Data were available on reproductive, developmental, growth and survival endpoints for
methylmercury exposure. In addition, the data set contained studies which were conducted over
acute and chronic durations and during sensitive life stages. Other than the studies discussed for
the freshwater ecosystem, no avian toxicity data were identified. Therefore, the NOAEL of 6.40E-
03 mg/kg-day extrapolated from Heinz (1974, 1975, 1976a, 1976b, 1979) was chosen to calculate
abenchmark value for the representative avian speciesin the terrestrial ecosystem.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aguatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 9.1E-04 mg/L for mercury (I1)
developed under the GLWQI was used. The GLWQI values were considered preferable to the
NAWQC because: (1) the GLWQI values are based on the same methodol ogy used to develop
NAWQC (i.e., Stephan et a., 1985); (2) the NAWQC data set was augmented with previously
unavailable acute and chronic toxicity data; and (3) species taxa used to generate the GLWQI
values are suitable for national application since they include species and taxa found throughout
the United States.

Sufficient data were not available to develop an FCV for methyl mercury, rather a Secondary
Chronic Vaue (FCV) of 2.8E-06 mg/L for methyl mercury developed by Oak Ridge National
Laboratory (Suter and Tsao, 1996) was selected as the appropriate criteriato use in thisanalysis.
SCVs are calculated by anal ogous methods used to derived FCV s for both the GLWQI and
NAWQC. However, when the eight data requirements for developing the FCV were not available,
the FCV criteriawas based on one to seven of the eight required criteria. The FCV for methyl
mercury was derived from 4 data points based on toxicity endpoints found in rainbow trout
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis). From these data, an SAV of
9.917E-5 mg/L and SACR of 35.72 were calculated. The resulting ratio of these values (i.e.,
SAV/SACR) determined the FCV of 2.8E-6 mg/L (Suter and Tsao, 1996).

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). Consequently, the FCV's can be adjusted to
provide dissolved concentrations as described in 60 FR22231 (Water Quality
Sandards...Revision of Metals Criteria); however, a CF was not available for mercury or methyl
mercury. This adjustment (i.e., use of conversion factors) reflects the current Agency position on
criteria development and regulatory application of metals; however, the issue of metal
bioavailability in surface watersis the topic of intensive research (e.g., Bergman and Dorward-
King, eds, 1997). For example, the relationship between water characteristics (e.g., dissolved
organic matter), copper bioavailability, and toxicity has been investigated in some detail (e.g.,
Allen and Hansen, 1996). Aquatic CSCL s developed in this section are summarized in Table 1.

Amphibians: No suitable subchronic or chronic studies were identified which studied the effects
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of mercury toxicity on reproductive or developmental endpoints in amphibian species; however,
several acute studies were identified characterizing mercury toxicity. Review of data collected
from sixty-seven experiments indicate that the acute toxicity of mercury ranges from 0.001 to 108
mg mercury/L, with a geometric mean of 0.20 mg/L. Acute studies were conducted on various
amphibian species (i.e., twenty-seven amphibian species represented) during embryo, tadpole, and
adult lifestages. Chemical exposures were conducted primarily with mercuric chloride (Hg?).
The observation that the lowest acute amphibian value approximates the FAV of 0.0024 mg
mercury/L determined for the freshwater community indicates that some amphibian species may be
sufficiently protected from acute effects by the current acute freshwater criteria. A few chronic
exposures were identified indicating deformity from 96 hour exposuresto 0.0001 to 0.1 mg Hg/L
depending on the species. Longer exposures of 7 to 10 days indicate deformities at concentrations
of 0.0003 to 0.08 mg mercury/L at varying degrees of severity and magnitude. Further,
spermatogenesis was inhibited at concentrations of 0.3 mg mercury/L. Given the limited number
of studies and the lack of consistency (e.g., endpoints and test protocols) in chronic amphibian
data, a CSCL of 0.20 mg mercury/L was derived based on acute toxicity. Since the CSCL is based
on acute data (i.e., lethality), the severity of the potential adverse effects that this CSCL indicates
should be noted. Investigations are ongoing to review the possibility of incorporating amphibian
datainto the NAWQC. Since amphibian species are more likely to breed in standing waters such
as wetlands or ponds, the appropriateness of combining protective levels of amphibian receptors
and the freshwater community is unclear at thistime (Power et a.,1989; U.S. EPA, 1996).

Algae and Aquatic plants: The toxicological CSCLs for aguatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aguatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for species of
freshwater algae, frequently a species of green algae (e.g., Selenastrum capricornutum). For
mercury the CSCL vaue was determined to be 5.0E-03 mg/L based on the growth inhibition of
Microcystis aeruginosa. Low confidenceis placed in this CSCL sinceit is only based on one
study (Suter and Tsao, 1996).

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, CSCL s are devel oped estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). These values are not NOAA standards; rather, they
are used to rank sites based on the potential for adverse ecological effects. A second criteria
document evaluated for sediment criteria devel opment was the Approach to the Assessment of
Sediment Quality in Florida Coastal Waters Volume 1- Devel opment and Evaluation of
Sediment Quality Assessment Guidelines) (MacDonald et al., 1994) published by the Florida
Department of Environmental Protection (FDEP). The criteria developed by FDEP were also
based on the NOAA data; however, the method of derivation of the criteriawas changed. FDEP
caculated the criteria (i.e., threshold effects level, TEL) from the geometric mean of the 50
percentile of no effects data and the 15" percentile of the low effects data. The NOAA data, used
in both documents, is based on total metal concentrations in sediments, and the toxicity endpoints
were measured on species of amphipods, arthropods, and bivalves in addition to a variety of
community-based endpoints (e.g., abundance, mortality, species composition, species richness).
The FDEP criterion was chosen above the NOAA criterion for the following reasons; (1) the
same database was used for both the NOAA criteria and the FDEP criteria development only
different derivation methods were used; (2) in most cases, the FDEP criterion was more
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conservative than the NOAA criteria because alarger portion of the low effects datawas used in
CSCL development; (3) the marine TEL developed by the FDEP were found to be analogous to
TELs observed in freshwater organisms (Smith et al., 1995).

The CSCL for mercury was derived from 331 toxicity data points for low and no effects levels.
For the screening level analysis of mercury, the TEL of 1.3E-01 mg mercury/kg sediment was
selected as an appropriate sediment CSCL. Based on the quality and quantity of mercury sediment
data, the degree of confidence in the TEL value for mercury was considered high (MacDonald,
1994).

Terrestrial Plants. As presented in Efroymson et al. (1997a), phytotoxicity CSCL s were selected
by rank ordering the lowest observable effects concentration (LOEC) values and then
approximating the 10th percentile. If fewer than 10 studies were available, the lowest LOEC was
selected asthe CSCL. Such LOECs applied to reductions in plant growth, yield, or seed
elongation, or other effects reasonably assumed to impair the ability of aplant population to
sustain itself. The proposed CSCL for phytotoxic effects of mercury in soilsis 0.3 mg mercury/kg
soil (Efroymson et a, 1997a). Since the CSCL was based on a single study reporting unspecified
effects and did not indicate the form of mercury applied to test soils or the terrestrial plant species
exposed, this CSCL study was not appropriate for CSCL development. No further studies were
identified, so no CSCLs could be developed for the terrestrial plant community.

Soil Community: A soil CSCL was derived from the criteria proposed by ORNL (Efroymson et
al., 1997b) (1996) . The proposed CSCL of 1.0E-01 mg total mercury/kg soil was the lowest
toxicity value based on earthworm endpoints. Additionally, amicrobial toxicity value was
identified to be 30 mg total mercury/kg soil. Vaue based on earthworm was proposed as the
CSCL because earthworm is an important component in promoting soil fertility, improve aeration,
drainage of soil, and serve as an important food source for many higher trophic animals.
Community-based CSCL values should be used as they become available. Low confidenceis
placed in this CSCL because of the lack of supporting data.
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Tablel. Mercury CSCLs in Sail, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Reference
Pathway Species

Aquatic

Mammals 2.8E-07 | mg/L water Food web River Otter Wobeser et d., 1976a,b; U.S. EPA, 1996a

Birds 1.9E-07 | mg/L water Food web Kingfisher Heinz, 1974; 1975; 1979; U.S. EPA, 1996a

Algae and Aquatic Plants 5.0E-03 | mg/L water Direct contact | Microcystis Suter and Tsao, 1996

Freshwater Community aeruginosa

Mercury (1) 9.1E-04 | mg/L water Direct contact U.S. EPA, 1995a
Methyl mercury 2.8E-06 | mg/L water Direct contact | Aquatic biota Suter and Tsao, 1996

Benthic Community 1.3E-01 | mg/kg sediment Direct contact | Aquatic biota MacDonald, 1994

Amphibians (acute 2.0E-01 | mg/L water Direct contact | Benthos Power et al., 1989; U.S. EPA, 1996
effects) Various amphibian

species

Terrestrial

Mammals 3.8E+01 | mg/kg soil Food web Raccoon Wobeser et a., 1976a,b

Birds 15E-01 | mg/kg soil Food web American woodcock Heinz, 1974; 1975; 1979

Mammals 2.0E+00 | mg/kg plant Food web Meadow vole Wobeser et a., 1976a,b

Birds 15E-01 | tissue Food web Northern bobwhite Heinz, 1974; 1975; 1979

Soil Community 1.0E-01 | mg/kg plant Direct contact | Soil invertebrates Efroymson et a., 1997b

tissue
mg/kg soil
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Ecotoxicological Profile for Ecological Receptors
Molybdenum

This ecotoxicological profile on molybdenum contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of
molybdenum so that the limitations of the CSCLs may be better understood. The fifth section
presents the rationale and development of CSCLs for the suite of ecological receptors used to
represent aquatic and terrestrial ecosystems. The profile isintended to present the
ecotoxicological CSCLs in abroader environmental context, so the ecological significance of the
CSCLs may be properly interpreted.

|. Background

Molybdenum is arelatively rare but widespread metallic element. It isconsidered an essential
trace nutrient for growth and development in most organisms (Eider, 1989; IRIS, 1996, EPA,
1992-1996). High levels of molybdenum, however, are toxic to some animals, especialy when
copper concentrations are low. Signs of molybdenum poisoning have been found in cattle grazing
on land both naturally high in molybdenum and near pollution sources. Natural background
concentrations of molybdenum in soils average 1.2 mg/kg. Elevated concentrations from natural
geol ogic processes may range approximately from 12 to 76 mg/kg. Near pollution sources,
elevated concentrations within a smilar range are common, although levels higher than 4,000 ppb
have also been measured. Molybdenum levelsin ground and surface waters are generally below
20 ppb. In contrast, contaminated waters have been found to have concentrations as high as
100,000 ppb (Eisler, 1989).

Molybdenum is found in combination with avariety of other elements, in valence states ranging
from +3 through +6. The chemistry of molybdenum is complex and poorly understood; however, it
is known that chemical interactions with copper and sulfur are known to affect its toxicological
properties. Aquatic organisms seem to be relatively tolerant of molybdenum, except at extremely
high concentrations. Resistance in other organisms varies by species. Molybdenum is
bioconcentrated by terrestrial plants, sometimes to levels potentially toxic to herbivores.
Bioconcentration may aso be significant in some aguatic invertebrates, although in most other
organismsit isminor (Eisler, 1989).

II. Geochemistry of Molybdenum in Various Ecological Media

General

Molybdenum occurs naturally in ore bodies, the most _
important of which is molybdenite (molybdenum disulfide). Molybderlim may ooour n the +3, +4,
Molybdenite, though seldom seen in rocks, islikely the However, the +6 valence Sate is the
primary source of molybdenum in nature. Upon release to most important in agueous solutions.

the environment via natural weathering processes,
molybdenum may form secondary molybdenum minerals
(e.g., molybdates). Molybdenum ranges from 0.2 to 0.4 percent in ores bodies.
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Molybdenum may be released to the environment via natural weathering processes or through
anthropogenic activities. Chief among these activitiesis the production and fabrication of

molybdenum products such as molybdenum stedl.

Molybdenumin Soils

Molybdenum can exist in the +3, +4, +5, and +6 valence
states. In aqueous solution, only the +6 state has
stability over a broad range of pH and Eh conditions
(EPRI, 1984). According to an Eh-pH diagram
contained in Dragun (1988), molybdenum is present in
the environment as two primary species, depending upon
pH. Specificaly, at pH values greater than 6, under
both oxidizing and reducing conditions, the
thermodynamically-favored species of molybdenum is
the anionic MoO,% . Asthe pH decreases to values
equal to or less then 6, molybdenum is present asthe
anionic HMoO, under oxidizing conditions and as
molybdenum oxide (MnO,) under reducing conditions.

The adsorption behavior of molybdenum in soilsis
strongly influenced by the presence of iron and
aluminum oxides over awide range in MoO, #
concentrations (EPRI, 1984). Amorphous
aluminosilicates (e.g., alophane) aso have high affinity
for molybdenum. Available information suggests that
the principal adsorbing speciesisHMoO, . Though a
mechanism has not been established, soil organic matter

Molybdenum behavior in the environment
is controlled to alarge extent by the pH
and Eh of the system.

At pH values greater than 6, under both
oxidizing and reducing conditions, the
thermodynamically-favored species of
molybdenum is the anionic MoO,Z.

At pH values equa to or less then 6,
molybdenum is present as the anionic
HMoO, under oxidizing conditions and as
molybdenum oxide (MnO,) under
reducing conditions.

The adsorption behavior of molybdenum
is strongly influenced by the presence of
iron and auminum oxides.

The principal adsorbing speciesisHMoO,,

Adsorption of MoO, - decreases as a
function of increasing pH, and as a
consequence, molybdenum mohility
increases at higher pH values.
Phosphate has been reported to be a
strong competitor for molybdenum
adsorption Sites.

has a so been proposed as an important factor in controlling adsorption from aqueous solutions

containing low concentrations of molybdenum.

Solution pH and ionic strength may strongly influence molybdenum adsorption (EPRI, 1984).
Adsorption of MoO, - decreases as a function of increasing pH. Thisis attributed to increasing
negative charge density on amphorteric hydrous oxides or functional groups. This phenomenon is
comparable to that observed for other anions where a marked adsorption edge is observed for

molybdenum on model adsorbents, specifically hydrous oxides.

The presence of certain competing anions and soil-saturating cations also influences molybdenum
adsorption. Although increasing solution concentrations of poorly or weakly adsorbed anions
(e.g., Cl- or SO, %) do not affect molybdenum retention; the presence of PO, *, which is strongly
adsorbed, may decrease molybdate adsorption. Additionally, phosphate readily displaces

freshly-adsorbed MoQ, 2.

[11. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
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of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects ranges in the aquatic
community.

Freshwater Ecosystems

Molybdenum appears to be fairly non-toxic to many aquatic organisms. Acute, adverse effects on
growth and survival in aquatic invertebrates and fishes has been found mostly only at very high
molybdenum concentrations (60 mg/L and higher) (Mo®*). Hamilton and Buhl (1990) exposed
chinook and coho salmon at varying life stages to molybdenum in fresh, brackish, and soft waters,
and found no mortalities or visible signs of stress even at the highest exposure level of 1,000 mg/L
(Mo®"). However, when newly fertilized eggs of rainbow trout were exposed for 28 days, the
LCs, value was only 0.79 mg/L (Mo®") (Eisler, 1989). McConnell (1977) also exposed juvenile
rainbow trout to molybdenum concentrations as high as 17 mg/L for one year (Na,M0oO,; Mo%"),
and found no significant differencesin growth, or mortality compared to controls.

Although aguatic plants require molybdenum in small amounts for normal growth, adverse effects
on growth and on development in sengitive species have been found at 50 mg/L and 108 mg/L,
respectively (chemical form unspecified). Freshwater plants may accumulate up to 20 mg/kg dry
weight without ostensible harm. The effects on animals of consuming such plant material,
however, are not known (Eisler, 1989).

Terrestrial Ecosystems

Although there are few data on the effects of molybdenum on wildlife animals, itstoxicity to
livestock and laboratory mammals have been studied. In many cases, alow copper:molybdenum
ratio in the diet has been found to be more important in determining toxicity than the absolute
concentration of molybdenum alone (Eider, 1989). The wide range of chronic effects includes
survival, growth, and reduced reproduction. Reproductive effects such as testicular damage male
sterility (Jeter and Davis, 1954; U.S. EPA, 1990d), increased incidence of resorbed fetuses,
decreased fertility, and poor lactation in females have been observed (Jeter and Davis, 1954,
Schroeder and Mitchener, 1971b; Fungwe et a., 1990; U.S. EPA, 1990d). Damageto liver,
kidney, bone, and connective tissue has been observed in rabbits, sheep, and rats (Arrington and
Davis, 1953; Pitt et al., 1980). Molybdenum toxicity can be mitigated by dietary factors,
especialy copper intake (e.g., U.S. EPA, 1990d; Jeter and Davis, 1954). Some symptoms related
to molybdenum toxicity have been rapidly relieved by treatment with copper (Arrington and Davis,
1953).

Birds are relatively resistant to the toxic effects of molybdenum; symptoms of molybdenum
deficiency and benefits of dietary molybdenum supplements have been reported for chickens and
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Molybdenum: Effects Ranges for Ecological Receptors
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Figure 10: Molybdenum: Effects Range for Selected Ecological Receptors

turkeys. Only at high dose levels are some effects evident (e.g. reduced growth and egg
production) (Eisler, 1989).

The toxicity of molybdenum to other terrestrial organismsisvariable. Termites have died after
exposure to bait treated with 1,000 mg molybdenum /kg, although exposure to 5,000 mg/kg for 48
days did not affect other insects such asfire ants, cockroaches, and beetles (Eisler, 1989).

Domsch (1984) reported evidence of adverse effects on the soil community, including inhibition of
enzyme activity, as aresult of molybdenum application. Plants usually show beneficial responses
to molybdenum exposure at approximately 0.5 mg/kg soil; however, unspecified toxicity was
indicated at 2 mg/kg soil (Efroymson et ., 1997a).

V. Bioaccumulation Potential

Freshwater Ecosystems

Aquatic organisms may be exposed through contact with contaminated water or through the food
chain, considering that aguatic plants may concentrate molybdenum without visible damage .
Reported bioconcentration factors (BCFs) for freshwater plants range from 7 to 3,300, and
apparently depend on species, exposure concentration, and exposure duration. BCFsfor other
aquatic organisms are generally low. A whole body BCF of 4.8 L/kg was reported for species of
the amphipod Gammarus after 24 days of exposure to a molybdenum concentration of 3.3 mg/L.
Fish BCFssuch as 5.4 (spleen), 4.5 (liver), 2.3 (muscle), and 1.8 (gill) (all in L/kg) were reported
in steelhead trout after 24 days of exposure to a molybdenum concentration of 3.3 mg/L (Eider,
1989). However, sufficient data to determine whole-body fish BCF values were not identified.

Terrestrial Ecosystems
Molybdenum is essentia for plant growth; and plants readily accumulate molybdate under most
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conditions. Molybdenum adsorbed onto airborne particles could enter the terrestrial ecosystem
either directly by atmospheric deposition or indirectly from water. 1n soils molybdate has been
found to adsorb most readily to akaline, high calcium, high chloride soils; retention was least in
acidic, low sulfate soils. Plants readily accumulate molybdate, except under conditions of low
pH, high sulfate, and low phosphate, and in some highly organic soils. Legumes selectively
accumulate molybdenum, sometimes to potentially toxic levels. Plants grown in soil with high
concentrations may contain elevated levels of the metal. Concentrations of greater than 20 mg/kg
dry weight have frequently been observed in plants from polluted areas. Toxicity of molybdenum
in field-grown crops has not been observed, though forages containing 10 to 20 mg/kg dry weight
are considered toxic to cattle and sheep (Eisler, 1989). Pitt et al. (1980) reported toxic effectsin
sheep that grazed on treated pasture, with molybdenum concentrations ranging from 5.5 to 12.5
mg/kg dry weight. Therefore, the food chain would probably be the dominant route of exposure to
any herbivore. Exposure to water soluble forms of molybdenum such as molybdate would aso be
possible through drinking water. Molybdenum concentrations measured in awide variety
organisms, including birds, domestic ruminants, and mammalian wildlife, were generaly low,
with the notable exception of terrestrial plants (Eider, 1989), suggesting that bioconcentration in
organisms other than plantsis probably minor. Sufficient data, however, were not identified to
determine bioconcentration factors (BCFs) for terrestrial vertebrates or terrestrial invertebrates,
plants, and earthworms.

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCL as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCLs) in sail, plants or surface water was developed. Since CSCL s for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals. Numerous studies were identified which investigated molybdenum-induced toxicity in
mammalian species. Fungwe et a. (1990) exposed female weanling rats to molybdenum in
drinking water at doses of 5, 10, 50 or 100 mg/L. The exposure period extended from six weeks
prior to mating through day 21 of gestation. No signs of toxicity were observed in rats given 5
mg/L; however, those given 10 mg/L exhibited lower gestational weight gain, an increased
incidence of resorbed fetuses and sites of resorption, and a decrease in average litter size. A
NOAEL of 5 mg/L and aLOAEL of 10 mg/L were inferred for fetotoxic effects. Conversion of
these doses in units of mg/L to daily dosesin units of mg/kg-day required reference estimates of
body weight (0.107 kg) and water intake in female Sprague-Dawley rats (0.019 L/day) (U.S. EPA,
19884). The resulting NOAEL is 0.89 mg/kg-day, and the LOAEL is 1.78 mg/kg-day. The study
by Fungwe et a. (1990) was considered the most suitable for derivation of a mammalian
toxicological benchmark because:(1) it established a dose-response relationship; (2) it focused on
reproductive or fetotoxic endpoints; (3) it resulted in the most conservative NOAEL in the data set;
and (4) it administered doses via oral ingestion, an ecologically significant exposure pathway.
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Severa other studies were selected for discussion. In amulti-generational study, Schroeder and
Mitchener (1971b) exposed mice orally to 10 ppm molybdenum in drinking water for three
generations. Reproductive and fetotoxic effects exhibited by the third generation included
decreased fertility in the mating pairs, increased incidence of dead litters, and increased incidence
of early deaths. Since only one dose was used for this study, an AEL of 10 ppm was inferred for
reproductive and fetotoxic effects. Using areference water consumption rate for mice of 0.006
L/day and areference body weight of 0.024 kg (U.S. EPA, 1988a), the 10 ppm dose was converted
to adaily dose of 2.5 mg/kg-day. In atwo-part study, Arrington et a. (1965) exposed rats and
rabbits to oral doses of molybdenum ranging from 500 to 2000 ppm in their feed. Although rats
exposed for six weeks to 500 ppm showed no signs of clinical toxicity, those given 1000 ppm had
reduced voluntary feed intake and decreases in growth and feed utilization efficiency. Based on
these results, aNOAEL of 500 ppm (or 6.0 mg/day, reported in the study) and a LOAEL of 1000
ppm (or 9.3 mg/day) were inferred for growth effectsin rats. Rabbits exposed for three weeks to
2000 ppm exhibited similar signs of toxicity, including reduced voluntary feed intake and growth
while those rabbits given 1000 ppm showed no adverse effects. A NOAEL of 1000 ppm (or 67
mg/day) and a LOAEL of 2000 ppm (or 88 mg/day) were inferred for pathological effects of
molybdenum in rabbits. Conversion of these dosesto daily doses in units of mg/kg-day required
estimates of body weights for Long-Evans rats (0.126 kg) and Dutch and New Zealand rabbits
(2.49 kg) (U.S. EPA, 1988a). The resulting daily doses are a NOAEL of 48 mg/kg-day and a
LOAEL of 74 mg/kg-day for rats, and aNOAEL of 27 mg/kg-day and a LOAEL of 35 mg/kg-day
for rabbits. Although the Schroeder and Mitchener (1971b) study investigated reproductive effects
of molybdenum exposure in mice, it was not considered suitable for the derivation of a benchmark
value because only a single dose was administered, and, therefore, a dose-response relationship
was not established. The Arrington et al. (1965) study does provide a dose-response relationship
for molybdenum toxicity in rats and rabbits, however, the toxicological endpoints do not clearly
indicate that awildlife population's fecundity would be impaired.

Since no additiona mammalian toxicity studies were identified, the Fungwe et al. (1990) study
used for the freshwater ecosystem was aso used to calculate a mammalian benchmark value for
speciesin the terrestrial ecosystem.

Birds: Study done by Lepore and Miller (1965) (as cited by Sample et al., 1996) were used to
derive CSCLsfor birds. They examined molybdenum’s effects on the reproduction of chickens
with adiet of 500, 1000, and 2000 ppm. Chickens that were treated with 500 ppm reduced its
reproductive capability. Asreported by Sample et a. (1996), the LOAEL for chicken is 35.3
mg/kg-day and the NOAEL is 3.5 mg/kg-day. Additional avian toxicity datawere not identified
for birds representing the terrestrial ecosystem. Therefore, the study used for freshwater
ecosystem was also used to calculate terrestrial avian CSCLs values.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Values (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. Neither of these criteria have been developed
for molybdenum; therefore, a Secondary Chronic Vaue (SCV) was calculated. SCVsare
calculated by analogous methods used to derived FCV's for both the GLWQI and NAWQC.
However, when the eight data requirements for developing the FCV were not available, the SCV
criteriawas based on one to seven of the eight required criteria. For molybdenum, the SCV of
3.7E-01 mg/L developed by Suter and Tsao (1996) for total molybdenum was selected as the
appropriate CSCL to useinthisanalysis. The SCV for molybdenum was derived from 4 data
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points derived from toxicity endpoints found in fish and aguatic invertebrates. From these data, an
SAV of 15.66E mg/L and SACR of 42.26 were calculated. The resulting ratio of these values
(i.e., SAV/SACR) determined the SCV of 3.7E-01 mg/L (Suter and Tsao, 1996).

Although total concentrations of metals are still deemed scientifically defensible by the Agency,
recent Agency guidance recommends the use of dissolved metals concentrations to better reflect
the bioavailability of metals (e.g., Prothro, 1993). EPA has developed conversion factors (CFs)
to estimate probable dissolved concentrations of metals in surface waters given atotal metal
concentration as described in 60 FR22231 (Water Quality Sandards...Revision of Metals
Criteria). A CFisnot yet available for molybdenum. This adjustment reflects the current Agency
position on criteria development and regulatory application of metals; however, the issue of metal
bioavailability in surface watersis the topic of intensive research (e.g., Bergman and Dorward-
King, eds, 1997). Thefina surface water CSCL for molybdenum is presented in Table 1.

Amphibians: No suitable subchronic, chronic, or acute studies were identified for CSCL
development which studied the effects of molybdenum toxicity on reproductive, developmental, or
mortality endpoints in amphibian species.

Algae and Aquatic Plants: Relevant endpoints for aquatic plants focused on the ability of
plants to support higher trophic levels as well as the ability to provide habitat for other
species in the freshwater ecosystem. The benchmarks for aquatic plants were either: (1) ano
observed effects concentration (NOEC) or alowest observed effects concentration (LOEC) for
vascular aquatic plants (e.g., duckweed) or (2) an effective concentration (EC,,) for a species of
freshwater algae, frequently a species of green agae (e.g., Selenastrum capricornutum). No
Chronic Vaue was reported for molybdenum by Suter and Tsao (1996), and, therefore, no
benchmark was devel oped.

Benthic Community- The premier source of field sediment datais the NOAA, which annually
collects and analyzes sediment samples from sites located in coastal marine and estuarine
environments throughout the United States as part of the National Status and Trends Program
(NSTP). From the range of adverse effects data, CSCL s are devel oped estimating the 10th per-
centile effects concentration (ER-L) and a median effects concentration (ER-M) for adverse effects
in the sediment community (Long et a., 1995). For our purposes, the ER-L was considered an
appropriate benchmark for freshwater sediment biota. A second criteria document evaluated for
sediment criteria development was the Approach to the Assessment of Sediment Quality in
Florida Coastal Waters Volume 1- Development and Evaluation of Sediment Quality
Assessment Guidelines) (MacDonald et al., 1994) published by the Florida Department of
Environmental Protection (FDEP). The criteria developed by FDEP were also based on the
NOAA data; however, the method of derivation of the criteria was changed. Neither of these
documents, or dternative references such as ORNL, devel oped a suitable sediment benchmark for
molybdenum; therefore, no benchmark on molybdenum could be devel oped.

Terrestrial Plants: As presented in Efroymson et a. (19974), phytotoxicity benchmarks were
selected by rank ordering the LOEC values and then approximating the 10th percentile. If fewer
than 10 studies were available, the lowest L OEC was selected as the benchmark. The proposed
benchmark for phytotoxic effects of silver in soilsis based on a LOEC of 2 mg/kg, which resulted
in unspecified toxic effects on plants (Efroymson et al., 19974). Since the CSCL was based on a
single study reporting unspecified effects and did not indicate the form of molybdenum applied to
test soils or the terrestrial plant species exposed, this benchmark study was not appropriate for
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CSCL development. No further studies were identified, so no CSCL s could be developed for the
terrestrial plant community.

Soil Community: Because no adequate data to develop community-based CSCLs were identified,
criteriafor soil from microbia effects presented in Efroymson et al. (1997b) of 200 mg
molybdenum/kg soil was proposed; it is based on 1 reported effects on microbial activities from
molybdenum exposure. The toxicity endpoints measured in microorganisms included effects such
as enzyme activities, nitrogen transformation, and mineraization. These functions have been
recognized to play important roles in nutrient cycling, which provides nutrientsin available forms
to plants. Even though microbial processes are important in soil, using this CSCL may have
limited utility. Basing a CSCL on only one species or taxa does not consider the complex
processes and interactions characteristic of functional soil communities. Community-based CSCLs
should be used as they become available. Confidencein this CSCL islow.
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Table1l. Molybdenum CSCLs in Soil, Sediment, Surface Water, and Plant Tissue Developed for Each Representative Receptor

Receptor CSCL Units Exposure Representative Species Reference
Pathway
Aquatic
Freshwater Community
Tota 3.7E-01 mg/L water Direct contact | Aquatic biota Suter and Tsao, 1996
Terrestrial
Mammals 7.1E+01 mg/kg soil Food web Raccoon Fungwe et al., 1990
Birds 8.8E+01 mg/kg soil Food web American woodcock Sampleet al., 1996
Mammals 3.6E+00 mg/kg plant Food web Meadow vole Fungwe et al., 1990
Birds 8.7E+01 tissue Food web Northern bobwhite Sampleet a., 1996
Soil Community 2.0E+02 mg/kg plant Direct contact | Soil invertebrates Efroymson et al., 1997b
tissue
mg/kg soil

Insufficient data for aquatic birds, aquatic mammals, terrestrial plants, and benthic community
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Ecotoxicological Profile for Ecological Receptors

Nickel

This ecotoxicological profile on nickel contains five sections: (1) background (e.g.,
background concentrations), (2) geochemistry of the constituent in various ecological media,
(3) effects characterization, (4) bioaccumulation potential and (5) chemical stressor
concentration limit (CSCL) development. The first four sections are intended to provide an
overview of the environmental factors that influence the toxicological potential of nickel so
that the limitations of the CSCLs may be better understood. The fifth section presents the
rationale and development of CSCLs for the suite of ecological receptors used to represent
aquatic and terrestrial ecosystems. The profileisintended to present the ecotoxicological
CSCLsin abroader environmental context, so the ecological significance of the CSCLs may be

properly interpreted.
|. Background

Nickel and its compounds are naturally present in the
earth’scrust. Nickel isreleased to the environment by
natural geochemical processes such as the weathering of
parent bedrock materials and volcanic exhalations. Nickel
is aso released through anthropogenic activities such as the
burning of residual and fuel oils, metals smelting and

Nicke is present in the environment
in one oxidation state (+2).

Adsorption reactions limit nickel
mohility in the environment.

refining, municipal incineration, and coal combustion. Different species released during
anthropogenic activities include nickel oxides, nickel sulfate, metallic nickel, and in more
specialized industries, nickel silicate, nickel subsulfide, and nickel chloride.

II. Geochemistry of Nickel in Various Ecological Media

Nickel in Soils

Although nickel isa natural constituent of soils, its
occurrence in soils may be attributed to input from
anthropogenic sources as well as from natural weathering
processes. Actual concentrations vary widely depending
upon loca geology and anthropogenic input. Typical
concentrations of nickel in soil range from 4 to 80 parts per
million (ppm).

Nickel is strongly adsorbed to soil substrates. Amorphous
iron and manganese oxides, and to a lesser extent clay
minerals, are the most important adsorbents in soil (EPRI,
1984). The degree to which nickel is adsorbed is
dependent upon a number of factors, including soil pH, soil
type and texture, organic matter content, concentration of
competing ions, and concentration of complexing agents. In

Nickd mobility islimited in soils due to
adsorption reactions.

Amorphous iron and manganese
oxides, organic matter, and clay
minerals are important adsorbents.
Soil pH is the most important factor
controlling nickel adsorption.
Adsorption decreases as a function of
decreasing pH.

Two factors that may decrease
adsorption are the presence of
competing ions (e.g., Ca?*) and/or the
presence of constituents that may
form soluble complexes with nickel in
soil pore water.

astudy of 12 soils collected from agricultural areas and potential chemical waste disposal sitesin
the state of New Mexico, it was concluded that most soils have an extremely high affinity for
nickel and that once sorbed, nickel is difficult to desorb, thus limiting nickel’ s availability and
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mobility in the environment.

The capacity for soils to adsorb and thus limit nickel mobility in soils was further evaluated in a
study of ten mineral and three organic soils collected from southeastern United States. Samples
included both surface and subsurface soils. The amount of adsorbed nickel ranged from 13 to

95 percent. The 13 percent was correlated with subsoils, whereas the 95 percent was correlated
with soils having high organic matter concentrations. Hence, soils high in organic matter content
were characterized in this study as having a higher sorption capacity then did minera soils. Five
to 87 percent of the nickel was non-exchangeable when extracted with potassium chloride,
indicating that the nickel was strongly sorbed to the substrate.

Although nickel adsorption in soilsis controlled by numerous factors, one of the most important is
pH. Assoil pH decreases so does nickel adsorption. This decrease may be reflected in increased
concentrations of nickel in soil pore water. In acid soils, the predominant speciesin soil pore
water include Ni?*, NiSO,, and NiHPQ,.

Competing cations and complexing ligands may significantly influence nickel adsorption by soils.
Increasing ionic strength with NaCl, NaClO,, NaNO;, CaCl,, Ca(ClO,),, or Ca(NOs), reduces
nickel adsorption by clays and soils. Cationic competition for adsorption sites and decreasing
solution activity of Ni?* are likely explanations for this phenomenon (EPRI, 1984). The presence
of cations such as Ca?* and Mg?* have been reported to reduce nickel adsorption through
competition for limited binding sites. High concentrations of chloride also decrease adsorption,
but not as much as the presence of calcium ions, indicating the importance of competitionin
assessing the fate of nickel. The presence of potential complexing agents such as sulfate (SO,?),
dissolved organic matter, and EDTA may reduce adsorption as aresult of complexation.

Nickel in Surface Water
Concentrations of nickel in surface water are low. Median

C  Nickd concentrationsin surface

nickel concentrationsin rivers and lakes range from waters are low due to adsorption,
approximately 0.5to 6 Fg/L. precipitation, and co-precipitetion
reactions that limit the concentration of

The predominant form of nickel in natural watersis the c 2??,0,?3;-552 frlfadn 9, the
hexahydrate ion (Ni(H,0)s ). At pH valueslessthan 9, predominant form of nickel in natural
nickel can form complexes with naturally-occurring anions, Wa_tersisthz? hexahydrate ion
such as hydroxide (OH), sulfate (SO, %), bicarbonate o Ok ) . .

B Y n anaerobic systems, nickel sulfide
(HCGy), carbonate (CO;*), phosphate (NiS) may form.

(PO, *), and chloride (Cl -); however, these species are
minor when compared with hydrated Ni%*. Asthe pH
increases to values equal to or greater than 9.5, Ni(OH), becomes the dominant species.

In anaerobic systems, nickedl sulfide (NiS) formsif sulfur is present in the system. Nickel sulfideis
characterized by low solubility, thus limiting the availability of dissolved-phase nickel in surface
water.

Another means of controlling dissolved phase nickel concentrations is through precipitation. In
aerobic waters, nickel ferrite (NiFe,O,) may precipitate out. Nickel may also be co-precipitated
with hydrous iron and manganese oxides. Precipitates and co-precipitates will settle and
accumulate in the underlying sediment.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Draft Report - Do not cite or quote Nickel - 106

Nickel in Sediments
Nickel present in surface water may accumulate in the
underlying sediment. Nickel in sediment may be reversibly

C  Nickel present in surface watersis
likely to accumulate in the underlying

or irreversibly bound to the substrate. sediment.
C  Nicke in sediments may be
Although nickel is removed from surface water bodies by re-mobilized into the water column &s
aresult of microbia action.

precipitation and co-precipitation reactions, it is important
to note that it can be re-mobilized back into the water
column. Nickel can be re-mobilized by microbial action
under anaerobic conditions. Re-mobilization results from enzymatic reductive dissolution of iron
with subsequent release of co-precipitated metals. A lowering of the pH as aresult of enzymatic
reactions may indirectly enhance the dissolution of nickel. Experiments using mixed precipitates
with goethite indicated that a Clostridium species released 55 percent of the co-precipitated
nickel in 40 hours. Similarly, precipitated nickel sulfidesin sediment can be mobilized through
sulfur oxidation by Thiobacilli. In this case, the oxidized sulfur may produce H,SO, and decrease
the pH.

[1l. Effects Characterization

This section, along with the bioaccumulation potential section, are subdivided to evaluate
receptors of the freshwater and terrestrial ecosystems separately. Figure 1 summarizes the range
of effectsdatafor receptors of concern illustrating the sensitivity of various taxato exposure. For
reference, the water quality standards for freshwater communities (NAWQC or secondary values)
are included for both acute and chronic endpoints. These values can be disregarded for receptors
in the terrestrial community, because the NAWQC only provides protection for aquatic receptors
not predators of aguatic biota. NAWQC provide a context for effects rangesin the aguatic
community.

Freshwater Ecosystems

Adverse effects, such as mortality and impaired reproductive function, have been observed in
aguatic biota resulting from exposure to nickel. The effects of nickel toxicity often manifest at cell
membranes and may include hyperglycemia, lymphoma, and erythrocytosis (chemical form
unknown) (U.S. EPA, 1986d). After three weeks of exposure to 30 ug nickel/L, adecreasein
reproductive efficiency was noted in Daphnia magna with a 50% impairment resulting at 95 pg/L
(Ni#*) (Biesinger and Christensen, 1972). Decreased life spans, productivity, and body size of
Daphnia magna have also been observed as a result of waterborne exposures as low as 5.0 pug/L
(Ni%) (Lazareva, 1986). Infish, early life stages show the greatest susceptibility to nickel
toxicity. During acute exposures, the growth of newly fertilized eggs of Salmo gairdneri (rainbow
trout) was impacted at 35 pug/L of nickel. Survival and hatching dropped to zero at levels at or
above 700 pg/L (Nebeker et a., 1985). These studies suggest that daphnids and fish demonstrate
similar sensitivities upon chronic exposure to nickel.

Aquatic plants may also be subject to nickel toxicity, athough severity is expected to vary
considerably with pH and water hardness. Generally, nickel concentrations that are sufficient to
induce chronic effectsin freshwater animals also have del eterious effects in freshwater algal
populations (chemical form unknown) (U.S. EPA, 1986d). No chronic studies were identified to
characterize the long term effects of low level exposure of nickel to amphibian species (Power et
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Figure 11: Nicke: Effects Rangesfor Ecological Receptors
al., 1989; U.S. EPA, 1996).

Terrestrial Ecosystems

Nickel has been associated with embryotoxicity and fetal toxicity and may cross maternal-fetal
barriers (Storeng and Jonson, 1981). The intraperineal injection of nickel resulted in both early
and late fetal resorptions and stillborn/abnormal fetuses in exposed pregnant rats (Storeng and
Jonson, 1981). Developmental toxicity as aresult of oral exposure to nickel has also been noted.
Dietary nickel exposures of greater than 1000 ppm nickel sulfate hexahydrate (NiSO, 6H,0) have
been demonstrated to depress growth rates in rats over atwo year exposure period (Ambrose et
al., 1976).

V. Bioaccumulation Potential

Freshwater Ecosystems

Bioconcentration factors of 30 to 300 were reported for the alga Scenedesmus obliquus and 2 to
12 (Ni per biomass volume vs. total Ni per volume of solution) for Daphnia magna. These values
suggest that food chain biomagnification does not occur. Increasesin nickel levelsin various
organs (e.g., gill, kidney, liver, brain, and muscle) of the freshwater fish Cyprinus carpio have
been reported, although data on whole body accumulations were not reported. Further, nickel
accumulation in freshwater mussels have also been noted as a result of exposure to agueous nickel
solutions (Sreedevi et a., 1992). Acute effects (L Cs,S) to amphibian embryos resulting from
exposure to nickel are indicated in the range of 0.05 to 53 mg nickel/L.

For fish, Stephan (1993) reported a muscle-only bioconcentration factor of 0.80 L water/kg tissue
for rainbow trout, suggesting that nickel does not bioconcentrate in fish (chemica form
unspecified). However, lacking data on whole-body bioconcentration, this value should be
interpreted with caution. Adequate data for assessing bioconcentration potential in other aguatic
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organisms were not identified.

Terrestrial Ecosystems

Bioaccumulation in terrestrial invertebrates, plants, and small mammalsis currently being
investigated at Oak Ridge National Labs. Bioaccumulation and bioconcentration factors (BAFs
and BCFs) for terrestrial plants, invertebrates, and small mammals have been proposed from
review of primary literature sources. The 90" percentile of the bioaccumulation data for these
receptors derived from both laboratory and field studies were used to determine terrestrial food
chain exposures. For earthworms, a BAF of 4.7 was proposed for nickel based on 31 data points.
For terrestrial plants, an BCF of 1.7 was proposed based on 163 data points. For small mammals,
based on 43 reported values assessing the transfer of nickel from soil to small mammals, a BAF of
0.59 was proposed (Sample et ., 1997; Sampleset al., 1998). These values were used to model
food chain exposures to terrestrial speciesfor this analysis, because currently, they stand asthe
most comprehensive collection of bioaccumulation data for terrestrial ecological receptors
(Sampleet al., 1997; 1998a; 1998b).

V. CSCL Development

The benchmark values presented in this section for mammals and birds were used to derive
protective media-specific CSCLs as outlined in the stressor-response profile methodology (i.e.,
analysis phase of ERA). By scaling the benchmark study by body weight to a representative
wildlife receptor (e.g., rat study extrapolated to a shrew), determining the dietary preferences of
wildlife receptor and the potential bioconcentration in prey, a protective concentration (i.e.,
CSCLs) in sail, plants or surface water was developed. Since CSCL s for receptors other than
mammals and birds were already in media concentrations, this same derivation process was not
required. A summary table of CSCLs are provided in Table 1. Although CSCL s were developed
for numerous wildlife receptors of both the aquatic (e.g., otter, mink, and great blue heron) and
terrestrial ecosystems (e.g. shrew, fox, and hawk), only the lowest CSCL is presented in Table 1.
It is assumed that by protecting the more sensitive species, the other receptors are protected as
well.

Mammals: Severa studies were identified which investigated the effects of nickel exposure on
mammalian species. In a 3-generation study conducted by Ambrose et al. (1976), rats were
exposed to 250, 500 and 1000 ppm of dietary nickel. The average weaning body weight was
adversely affected in weanlings of females on the 1000 ppm diet. Thisresulted in a LOAEL of
1000 ppm and aNOAEL of 500 ppm for this developmental effect. To convert the NOAEL from
the Ambrose et a. (1976) study to adaily dose, the food intake rate was determined by using the
food consumption equation for laboratory mammals (U.S. EPA, 1988a):

Food Consumption = 0.056(\\°6611)

where W is body weight in kilograms. Using the geometric mean of the male and female control
body weights (0.148 kg), and the calculated food consumption rate of 0.016 kg/day, a NOAEL of
54 mg/kg-day was estimated. The NOAEL for developmenta effects from the Ambrose et al.
(1976) study was chosen to derive the toxicological benchmark because (1) chronic exposures
were administered via oral ingestion, (2) it focused on irregularities in the devel opment of
offspring as acritical endpoint, (3) the study contained dose response information, and (4) the
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study reported the lowest toxicity value for acritical endpoint.

Other benchmark studies for mammals were identified and evaluated for CSCL development. Ina
3-generation study, Schroeder and Mitchener (1971b) exposed rats to nickel in drinking water at
levels of 5mg/L. Conversion of this ppm dose to adaily dose in units of mg/kg-day isin progress.
In all generations, there were increases in young deaths and number of runts as well as decreases
in litter size. There was aso adecrease in the number of males born in the third generation. Smith
et a. (1993) exposed rats to nickel in doses of 10, 50, and 250 ppm in drinking water,
corresponding to average daily doses of 1.3, 6.8, and 31.6 mg/kg-day (reported in the study), for
an 11-week pre-mating period. Inthefirst generation, the proportion of dead pups per litter
increased for those groups given 31.6 mg/kg-day. However, the same elevation in dead pups per
litter was a so seen in the second generation for those groups given 1.3 mg/kg-day and 6.8 mg/kg-
day, resulting in aLOAEL of 1.3 mg/kg-day. The study by Schroeder et a. (1971b) was not
selected for the derivation of a benchmark due to the administration of only one test dose, resulting
in alack of appropriate dose-response information. The Smith et al. (1990) study was not chosen
due to confounding dose-response information presented in the study.

Birds. Study done by Cain and Pafford, 1981 (as cited in Sample et al., 1996) were used to
derive CSCLsfor birds. They examined nickel’s effects on the reproduction of mallard duckling
by feeding them at 176, 774, 1069 ppm. Mallards treated with 1069 ppm exhibited developmental
effects. Based on these results, aNOAEL of 774 ppm and a LOAEL of 1069 ppm can be inferred
for developmental effects. Asreported by Sample et al. (1996), the NOAEL for mallardsis 77.4
mg/kg-day and the LOAEL is 107 mg/kg-day. Additional avian toxicity data were not identified
for birds representing the terrestrial ecosystem. Therefore, the study used for freshwater
ecosystem was also used to calculate terrestrial avian CSCL s values.

Freshwater Community: Two sources were evaluated in selecting CSCLs for the protection of
aquatic biota: (1) Final Chronic Vaues (FCV) derived under the Great Lakes Water Quality
Initiative (GLWQI) (U.S. EPA, 1995b) and (2) National Ambient Water Quality Criteria
(NAWQC) published by the EPA Office of Water. The FCV of 5.2E-02 mg/L for nickel
developed under the GLWQI was selected as the appropriate criteriato use in thisanalysis. The
GLWQI value was considered preferable to the NAWQC because: (1) the GLWQI value is based
on the same methodology used to develop NAWQC (i.e., Stephan et al., 1985); (2) the NAWQC
data set was augmented with previously unavailable acute and chronic toxicity data; and (3)
species taxa used to generate the GLWQI values are suitable for national application since they
include species and taxa found throughout the United States. The toxicity of nickel is hardness
dependent; therefore, the FCV (in pg/L) was calcu